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logic identification of pulmonary stenosis is made more 
difiicult under these circumstances 
The chmcal picture of the tetralogy of Fallot is usually one 
which is readily recogmzed, and accurate diagnosis is possible 



Fig lO'l — Tctralogj of Fallot nelatioD<)liip of aortic orifice to the ventricular 
septal defect, the small pulmonary arterj and narrow subpnlmomo channel 
(Reprinted bj permission, from Dr>, T J et at Postgrad Med (In press.]) 

CLINr(L\L FEATURES 

Cyanosis usuaUv first becomes mamfest during the first feR 
months of life prohablv precipitated by the closure of the 
ductus and, thus, by the loss of this collateral channel for 
pulmonar\' blood flow WTien pulmonary' dtresia exists, 
patency of the ductus is indispensable and closure of the 
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exertion a precipitous drop to mucli lower levels reflects, to 
a large degree, the seventy of the pulmonary stenosis The 
use of the modified Millikan oximeter makes these determma- 
tions readily available and is of much chmcal value m deter- 
mining the degree of circulatory m capacity It is surprising 
that the physical development of these children is seldom 
retarded in spite of the severe circulatory mcapacity 

Smce the advent of corrective surgery pioneered by the 
briUiant work of Blalock and Taussig, it has become necessary 
that physicians fuUy acquamt themselves with the chmcal 
picture of this particular anomaly Four cases have been 
selected for illustration here of certam important variations 
in the chmcal and pathologic picture presented by this 
congenital cardiac anomaly 

REPORT OF CASES 

Case 1 — Classic leiralogy of Fallot ivith marked improvement fol- 
lowing Blalock-Taussig operation 

A male cluJd 3 5 years of age vas brought to tlie Mayo Chnic on 
March 12, 1947, suffering from attacks of cyanosis and breathless- 
ness The child vas born by cesarean section after a forty-eight 
hour labor but appeared normal at birth Tlie mother stated that, 
althougli as an infant lie seemed pale, his development progressed 
normallj until 10 ^^eeks of age vhen she noted that he vnuld 
suddenb become limp and verj' cjanotic in attacks lasting several 
minutes Similar episodes recurred almost daily and v ere frequently 
precipitated by feeding Since the age of 6 months the sudden 
attacks of c>anosis and sjTicope had become less frequent but 
breathlessness and cyanosis on moderate exertion were noted At 
3 years of age the child could walk only a fev steps without assuming 
the usual squatting posture to rest, and there was persistent cyanosis 
of the face, lips and fingers 

On examination the child appeared well de\ eloped There was 
moderate cyanosis of the face with suffusion of the conjunctiva, 
mulberrj-hke discoloration of the tongue and slight clubbing of the 
fingers and toes The heart was not enlarged On auscultation a 
coarse, sjstohc murmur was heard over the entire precordium, 
loudest at the base The hemoglobin measured 18 1 gm per 100 cc 
of blood and the hematocrit reading was 65 per cent erjthrocjtes 
Roentgenograms of the chest and roentgenoscopic examination 
of the heart revealed the heart to be of normal size but there was the 
t^yncal concavitv in the region of the pulmonarj conus indicative 
of pulmonarv stenosis (fig 105, see a) There was absence of pulsa- 
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lions m the hilar vessels The aortic arch was in its normal position on 
the left The electrocardiogram revealed sinus rhythm mth marked 
right axis deviation (fig 106) Tlie arterial hemoglobin oxygen 
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Fig 106 (Case 1) — Electrocardiograms before and three months after opera 
lion show right axis delation and largo biphasic QRS complexes in precordial 
leads with no change in pattern after Blalock-Taussig operation 


saturation was 53 per cent (normal 95 per cent) A graphic illustra- 
tion of the change in oxygen saturation associated mth exertion as 
measured bj the modified Milhkan oximeter is illustrated in figure 
107 

A diagnosis of tetralogj of Fallot n as made and surgical treatment 
Mas recommended On April 1, 1947, an end-lo-side anastomosis 
of the left subclaiinn arterx mlh the left pulmonarj artery vas 
madeb> Dr 0 T Clagett After the operation a continuous arterio- 
xenous fistula txpe of murmur could be heard oxer the left anterior 
and posterior portions of the thorax There xias a marked decrease 
in the intensity of the cxanosis Conx'alescence xias essentiall) 
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purpose m mmd and that is to overcome the deficiency in the 
blood floiv m the pulmonary artery, thus, operation is nol 
indicated m those lesions m which there is already adequate 
pulmonary circulation 

In the selection of patients for surgical treatment one must 
consider the foUowmg questions 1 Is the lesion one m winch 
there is a hmited floAV of blood to the lungs? This information 
can best he obtained by roentgenoscopic examination, and 
the indications of reduced pulmonary blood flow have been 
discussed under the chmcal features of tetralogy In cases m 
Avhich there is uncertainty regarding this point, cardiac 
catheterization may give valuable aid 2 Is the level of arterial 
oxygen saturation sufficiently low that the blood would he 
capable of picking up more oxygen if a portion of the arterial 
blood was shunted into the lungs ^ Patients with a resting 
oxygen saturation of 80 to 85 per cent wiU not be benefited 
by this type of operation unless the level of saturation drops 
markedly -with mimmal exertion 3 Are the pressure relation- 
ships between the pulmonary artery and aorta or systemic 
vessel such that blood flow^ from the arterial to the pulmonary 
vessel will take place in the created anastomosis? Pulmonary' 
stenosis and tricuspid atresia always mU be associated vath 
reduced pressure in the pulmonary artery In cases of Eisen- 
menger’s complex, m complete transposition of the great 
vessels and m single ventricle -mth rudimentary aorta, the 
pressure relationships will not favor a functioning anastomosis 
4 Can the heart accommodate to the estahhshment of the 
new anastomosis? Cardiac malformations associated ivilh 
intense cyanosis but mth cardiac enlargement usually indicate 
a more serious derangement than pulmonary stenosis of the 
tetralogy type, and the margin of safety m accommodation to 
the creation of an artificial ductus is greatly reduced m such 
cases 

Inasmuch as the mtra cardiac defects are not affected by the 
creation of an artificial ductus, the question lias often been 
raised as to vhether there is an actual increase m the cardiac 
load after the creation of the anastomosis In, answer to this 
question, ve must consider first the part each ventricle pla>^ 
in the work load of the heart prior to the anastomosis In 
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purpose m mmd and that is to overcome the deficiency m tbe 
blood floA^ ID the pulmonary artery, thus, operation is not 
indicated m those lesions in Avhich there is aheady adequate 
pulmonary circulation 

Id the selection of patients for surgical treatment one must 
consider the foUowmg questions 1 Is the lesion one m which 
there is a limited floAv of blood to the lungs? This information 
can hest be obtamed by roentgenoscopic exammation, and 
the mdications of reduced pulmonary blood floAv haAm been 
discussed under the chmcal features of tetralogy In cases in 
Avhich there is uncertamty regardmg this pomt, cardiac 
cathetenzation may giA^e Amluable aid 2 Is the level of arterial 
ox^'^gen saturation sufficiently Ioav that the hlood Avould be 
capable of picking up more oxygen if a portion of the artenal 
blood Avas shunted mto the lungs? Patients Avith a restmg 
oxygen saturation of 80 to 85 per cent aviII not he benefited 
by this type of operation unless the level of saturation drops 
markedly Avith mmimal exertion 3 Are the pressure relation- 
ships betAveen the pulmonary artery and aorta or systenuc 
vessel such that blood floAv from the arterial to the pulmonarv 
A'essel AAiU take place m the created anastomosis PuhnonarA" 
stenosis and tncuspid atresia always wiU be associated AVitb 
reduced pressure m the pulmonary artery In cases of Eisen- 
menger s complex, in complete transposition of the great 
Aessels and in single A’^entricle Avith rudimentary aorta, the 
pressure relationships atiU not favor a functionmg anastomosis 
4 Can the heart accommodate to the estabhshment of the 
ncAv anastomosis^ Cardiac malformations associated AMth 
intense cyanosis but Avith cardiac enlargement usually indicate 
a more serious derangement than pulmonai^^ stenosis of the 
® ^ ogx' t> pe, and the margin of safety in accommodation to 
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tetralogy of Fallot the nght \entncle is not only responsible 
for the propulsion of the blood through the narroived pulmo- 
nary channel to the lungs but, bceanse of the presence of the 
ventncular septal defect inlh aortic ov emdmg, this % entricle 
also IS carrying a considerable load of the systemic circulation 
as well We might assume then that the nght ventricular 
pressure -would be considerably higher if the septum uere 
mtact and all blood from the nght ^cnt^cle were forced 
through the narrowed channel of the pnimonarj stenosis 
Such a condition, of course, exists in pure pulmonary stenosis 
In tetralogy, howe\er, the right ^entrlcuIar pressure can 
increase only sufficiently to equal that required for the 
systemic circulation This, I belie\e, giies on explanation ns 
to why the nght ventncle does not enlarge m tetralogx more 
than It does and why, m > lew of the decreased total load on 
the left ventncle, the heart as a whole is seldom enlarged 
With the creation of an artificial ductus, a greater portion of 
the blood aviII then bo retunung through tlie pulmonaiy 
circuit to the left side of the heart and tho left x entnclo then 
assumes a significant role in maintmning tho pulmonarx 
circulation This would indicate that tlierc is an equalization 
of work load upon both \cntnclcs after operation whereas 
with the rehef of tlie soi ere onoxcmic stale tho demand on the 
heart for systemic oirculalion is consequent!) decreased 
From this anal) sis, one ma) well assume tliat after tho crea- 
tion of tho anastomosis there will be a rclatncl) mcreased 
load upon the loft ^ entricle m companson with the pre- 
operative load This concept has so for been bonie out 
clmicall) Tlie left xcntncle max slioxv transient dilatation 
after operation but as it becomes adapted to its increased load 
tlie heart tends to resume its prcoperatixc size and there is on 
iiicroasc m tho pulmonmy xnscular markings on roentgeno- 
logic examination, denoting an increase in tho pulmonarx 
lilood flow 

Cask 2 — Telratogy of Fallot mlh term atlarkr of anoxia and fatal 
Irrniination Postmnrlrm futdings illiulraltd 

FA innlc child 3 Ncnre of npe woa udmitted to the Clinic on October 
1947 Birth nnd development for the hnsl 9 niontlis of lift were 
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considered to be normal At 9 months of age the child first ex- 
perienced a sudden episode of syncope Math cyanosis A diagnosis of 
congenital heart disease Mas made by the family physician Since 
this first attack of cyanosis M-ith syncope, similar attacks associated 
Mitli rigidity and dyspnea recurred almost daily Muthout warmng, 
lasting as long as fifteen minutes The child othennse continued to 
de\elop normally but seemed to tne easily During the intervals 



Fig 108 (Cose 2) — a. The heart is not enlarged It has the choracleristio 
telrnlog> contour ” The vascular markings at the hilus are quite prominent 
but on roenigenoscopic examination, pulsations in these vessels Mere absent. 
h. Marked right arts devaation 

bet M ecu attacks onl^ minimal cyanosis, intensified by cold and 
exertion, Mas noted On plnsical examination the child seemed alert, 
active and intelligent, and dcv'elopment was normal There vvasf 
moderate cvanosis of the face, lips, fingers and toes, vvath minimal 
clubbing There was a svstohe murmur with palpable thrill, maximal 
at the left sternal border in the fourth interspace Roentgenograms 
of the thorax (fig 108a) and roentgenoscopic examination revealed 
the heart to be of normal size vvath concavatv in the region normally 
occupied bv the pulmonarv conus and absence of pulsations m the 
pulmonarv hilar shadows The electrocardiogram rev^ealed marked 
right axis deviation (Fig 1086) The hemoglobin measured 17 9 gm 
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The erythrocytes nurahered 5 480,000 per cubic niilhmeter of hlood 
A diagnosis of pulmonary stenosis, tetralogy of Fallot type was 
maSe On the morning following the preluninory examination 
the chdd became hstless, wealc and dyspneic, with marked intensi 
lication of the cyanosis The mother stated that his app< arance was 
similar to that noted in prenous attacks but instead of being transi 
tory the state continued Van Slyke analyses as well as oximeter 



H;* J09 (Cnsc 2) — night > cntricio of the hmrt ha» Leen opeood ahowlog all 
th£ onatorulc featore* la tetralog) of Fallot nanielj (1) narrowed nubp^ilraonic 
chanDcI (2) dortropo^Itlon of the aortic onneo In relation to (3) iho large defect 
In tho >*entrrcular teptum and (4) thickened right >-enlrfcnlnr wall 

readings on a sample of nrirnal blood ro\calcd on nrlenni oxy- 
gen saturation of only 13 per cent (normal 93 per ccnl) Tlie 
child Mas iinmedialcK hospitalized placed m an oxygen lent hut 
failed to respond Progressive Icriiiinnl pneumonia developed and he 
died forty -eight hours after admission to the hospital 
i^On postmortem examination the classic anatomic features of 
tetralogy of ballot were found Tlic anterior wall of the heart was 
formed almost in its entirely hv the right venincle and the apex of 
the heart was raised 15 cm above the diaphragm Tlic pulmonnrv 
artery was norron and almost obscured hv the nscrndlnp aorta 
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The foramen ovale as found to be closed There was a defect in the 
membranous portion of the ventricular septum measuring 0 8 bj 
0 5 cm and tlie aortic orifice straddled this septal defect m such a 
manner that approximately two thirds of it was associated with the 
right ^enlrlclc and one third vitb the left ventricle (fig 109) The 
right Aentricular A^all vas thich, measuring 0 6 to 1 0 cm , as com- 
pared to the left ventricular wall v Inch measured 0 5 to 0 6 cm 



Pig 110 (Case 2) — Posterior -view of the lungs shoiving the enlarged collateral 
hronchial arteries entering Uic hili of the lungs 

Beneath the opening of the pulmonary artery vas a shthke channel 
commonlj called a “third ^entrlclc ” This channel extended for a 
distance of 1 9 cm bcloM the pulmonary valve and measured only 
1 mm in diameter at its narrowest point The pulmonary valve Avas 
bicuspid, being composed of an anterior and a posterior leaflet only 
The piilmonar> arler\ was narrowed, measuring 0 6 cm in diameter, 
ns compared to Ihe aorta winch measured 1 9 cm in diameter The 
ductus arteriosus was closed The first left intercostal arlerj w^as 
unusually large and ga^c rise to right and left collateral bronchial 
arterj branches which were seen to enter the lung at the hilus 

(fig no) 

Comment — The anatomic derangements m tetralogy of 
Fallot are well illustrated m this case and the subpulmonic 
third xentncle channel is clearly shown 
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This child died pnmardy of sei ere anoxemia, tlie pnemnonic 
process heing a terminal phenomenon This raises the question 
of the etiologj of the se\ ere iransitorj anoxemia thatis noted 
so frequently m those cluldren cspeciaUv during the earh 
years of hfe and that as tins case so well demonstrates, max 
result m death during an attack The floxv of hlood through 
the narroxied pulmonary opening is, in aU prohahility 
goxomed principally by the pressure m the right xontricle 
xvhich, m turn, oxnng to the direct association through the 
septal defect and aorta, is a reflection of resistance in the 
systemic circuit The attacks of sex ere cyanosis probahlx re- 
sult from a sudden change m the partitiomng of the right 
xentricular hlood hctxiccn the pulmonarx and systemic 
circulations Although factual data arc lacking regardmg this 
concept. It xyould seem most likely that xiith certain lex els 
of anoxenua, nhich may vary in dilfercnt individuals, there 
IS a sudden loss of xasomotor tone The pressure in the sys 
temic circulation falls tlic xentncular pressure drops and the 
right xentncular hlood Duds still an easier outlet to Uie sys- 
temic circulation than through the narrowed pulmonary 
orifice the result heiiig a furtlior reduction in pulmonary flow 
and an increase in the amount of x enous hlood entenng the 
systemic circulation, dunng xxhich lime there is a pronounced 
increase m the sex enty of the anoxemia A return of sxirtemic 
\ oscular tone brings ogam a greater degree of partitiomng of 
hlood into the pulmonaTx circulation and the sudden sex ere 
anoxenua lessens os larger amounts of blood arc aerated 

Ex en though these attacks seem to occur less frequently 
ns the child becomes older and better adjusted to a state of 
cliromc anoxenua or because collateral channels through the 
bronchial arteries alloxx a greater xolume of pulmonary cir- 
culation, the cliild showing an increasing frcquencx and 
soxentx of these attacks should be considered in senous diffi- 
cultx and early operation should be adiised. In consideration 
of the fact that it xvas not possible to be of help in the case 
presented here, exen xiilh llie patient receixing constnni 
inhalations of oxxgcn, it xrould seem unliltlx that he 
haxo xvilhstood operation dunng this final attack "‘t ^ 
ScemR regrettable that operation could not hax e 
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1 

formed prior to this final attack, for then it might well have 
been a lifesaving procedure i 

f 

Case 3 — Tetralogy of Fallol wilh moderate pulmonar}' stenosi’; and 
minimal incapacity 

A female, 24 years of age, came to the Chmc in October, 1947 
Her primary object m seeking consultation at that time was tb deter- 
mine vlielher or not she could be allowed to undertake the’ risk of 
pregnancy The patient vas told she had been a “blue baiiy” at 
birth Cyanosis had persisted throughout childhood and she had 
never been able to be as active as other children because of easy 
fatigability, and the cyanosis had become progressively more iptense 
From the age of 13 to 17 years the patient could w^alk only one or 
t VO blocks V itliout experiencing marked fatigue Subsequently, hov- 
ever, she had noted an increase m her exertion tolerance and, at the 
time she came to the Chmc, vas able to attend dances and to carry 
out her usual activities m caring for her home ' 

Physical examination re\ caled a young woman of small stature but 
veil developed, veiglung 106 pounds (48 kg) Her blood pressure 

V as normal She appeared very cyanotic, with suffusion of the con- 
juncli\a and deep purphsh cyanosis of the tongue, mucous mem- 
branes and letinas, and there was marked engorgement of the 
retinal vessels There was pronounced clubbing of the fingers and 
toes The face and nail beds were deeply cyanotic There vas no 
ciidence of pulmonary congestion The heart tones were clear 
and there v as a high-pitched systolic murmur along the left border 
of the sternum, maximal in the left third interspace Polycythemia 

V as intense, with a hemoglobin value of 24 8 gm and an erythrocyte 
count of 7,420,000, the hematocrit reading was 85 per cent erytliro- 
cNtes The electrocardiogram revealed right axis deviation, with 
large biphasic QRS complexes in the precordial leads Roentgeno- 
grams of the thorax revealed the topical cardiac contour seen in 
tetralogy of Fallot (fig 111) With the patient at rest the value for 
arterial hemoglobin ox'j gen saturation v as 76 4 volumes per cent 
and vifh the standard exercise lest of walking on the treadmill at 
a rate of 1 7 miles per hour for fixe minutes the xmlue for arterial 
oxygen saturation dropped to 68 8 per cent With the inhalation of 
1 00 per cent oxx gen there v as a rise in the level of oxygen saturation 
to 85 7 per cent 

A clinical diagnosis of pulnionarx stenosis of the tetralogy of 
Fallot txqie xvas made It vas thought that pregnancy vould be 
hazardous and, therefore, the patient vas adxnsed against it 

Comment — Tins case is reported to illustrate llie' point that 
in some instances patients xntbi tetralogy' of Fallot are not 
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greatly disabled and that an occasional patient may In e for 
many years The average duration of hfe m the cases of pul- 
monary stenosis associated mth Aentncular septal defect, as 
recorded m Maude Abbott’s senes of cases, was 12 years 
This defect, however, is stall the most common anomaly found 
m adults avith congemtal heart disease associated with per- 



Fig 111 (Case 3) — Tetralogy of FoUot In o woman 24 >caPB of nge a noenl 
gonograni b clcclrocardiogram 


sistent cjanosis, and instances of unusuall> long duration of 
hfe are on record Tlic most notable exainplo is the man 
reported on bj AlTiite and Sprague who surincd to Ins 
SLXticth >ear 

The lead of disnbihtx nioj anrv greatl), depending Inrgeli 
on the se\enl> of the pulmonmy stenosis and the consequent 
lc\el of anoxenua It is of interest to note that in this case 
the degree of disabiliLj nns greater dunng the penod of ado- 
lescence than after the patient reached nialunlx Tlio in 
creased demand on the circulation associated nitli the (leriod 
of rapid growth in all probabililx is responsilile for tins niniii 
fcstntion One must also bear in mind the role pln\ed li) the 
dc\clopmcnl of collntcral circulation to the lungs In main 
taming a higher lea el of nrtcnal ox>gcn Miliimtion T lie find- 
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mg of compensatory collateral channels to the lungs by way 
of the bronchial artenes, the mtercostals, phrenic and eso- 
phageal vessels is noted more commonly m older patients 
with pulmonarj" stenosis 

At Avhat level of artenal oxygen unsaturation the stimulus 
to the development of polycytherma occurs m these cases has 
not been definitely estabhshed In the absence of polycythe- 
mia, an arterial oxygen saturation value of 85 per cent is not 
ordmanly associated -with visible cyanosis, yet when polycy- 
themia occurs, cyanosis may be marked even at this relatively 
high level of artenal oxygen saturation A patient Avith pul- 
monary stenosis but Avith fully developed collateral circulation 
to the lungs may notice httle disability at this level of oxygen 
saturation, provided it does not drop significantly with mod- 
erate exertion The degree of polycytherma itself, although 
fomimg an mcreased hazard to hfe because of the tendency 
to vascular thrombosis, does not seem to play a significant 
role m the degree of incapacity to physical exertion, even 
Rhen the hematocnt readings may be as high as 70 to 80 per 
cent erythrocytes 

Case 4 — Pulmonary stenosis without ventricular septal defect but 
with patent foramen ovale Death from cerebral abscess 

A farmer, 26 years of age, Avas admitted to the hospital on Novem- 
ber 28, 1947, because of cerebral complications, Anth left hemiplegia 
A diagnosis of congemtal heart disease had been made at the age of 
3 years by the family physician Aihen the mother sought consultation 
because she had noted penodic mild cyanosis of the child’s lips and 
undue breathlessness on exertion By the time the patient Avas 16 
>ears old, cyanosis had become persistent and clubbing of the fingers 
had dcA eloped, ^ ct he aa as onlj moderately limited in his capacitA' 
for phj’Sical exertion and continued to do most of the farm chores 
AAilhout difficultj In April, 1947, seAen months prior to his admis- 
sion, he had been injured in an auto accident but apparently sus- 
tained no head injur j On NoAxraber 16, 1947, on aAAakemng in the 
morning he had three generalized conxmlsiA^e seizures each preceded 
bx short periods of spasmodic jerking of the head to the left prior to 
loss of consciousness Taao dajs later left hemiplegia dex'^eloped 

Prchminarj examination rexealed a aa ell-dex eloped joung man 
AAitli marked cxanosis and clubbmg of the fingers and toes There 
AAas complete left hemiplegia Cardiac examination revealed a loud 
SAStohe murmur, AAitli a thrill that aaus maximal in the left third 
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and fourth interspaces The blood pressure nas normal The liemo- 
globm measured 24 8 gm the erythrocj'te count was 7,850 000 and 
the hematocrit reading was 80 per cent erjlhrocjtes Roentgeno- 
grams of the head were normal Roentgenograms of the thorax and 
rocntgenoscopic examination of the heart (fig 112a) re^ caled moder- 



Fig 112 (Case 4 ) — a Valvular slenosU of Uie polmooary ar1er> sith intact 
ventricular septum Prominence ot putmonar> conus and pulmonary artery 
sbedows b ngfat axis deviation and marked rlghl ventrlculor strain pattern 

ate right s cntnculnr enlargement « itli prominence of the pulraonarv 
conus shadon The pulmonnrv arlcrj shadows were prominent hut 
pulsations in these vessels were feeble The electrocardiogram (fig 
1126) revealed sinus rlijlhm with marked right axis deviation 
inversion of the T waves in lends II and III and exaggeration of the 
P waves m lends II and III Tiic precordinl lend CRi revealed an 
inverted T wave with high voltage R wove Kxnminnllon of the 
ocular fundi revealed inodemte ejnnosis of tlie retinas There ap- 
peared to bo mild chronic edenm of the disks which wns mterprcletl 
to bo duo to venous stasis and cynnosis and not secondnrj to in 
creased intmcmnlal pressure Tlic elcclro-encephnlogmm revealed 
moderate nghl temporal delta locnltiation Tlic value for arterial 
hemoglobin oxjgcn saturation at rest wag 84 6 per cent lilood ciil 
lures gave negative results 

A diagnosis of congtnital heart disease probably Tisennitogcr 
complex, marked secondnrv jiolvcvllicimn with cerebral vascular 
thrombosis and hcmiplLgin wns made 

Phlebotomv wns performed repealcdlj a high intake of fiiild’ 
being mnintnincd in_lhc hope of preventing further vnseulnr i 
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bosis On December 13, a severe right frontal headache witli vomit- 
ing developed There was an mcrease of the paresis in the left 
extremities and drowsiness occurred Twenty-four hours later there 
was a marked slowing of the heart rate to 48 beats per minute, and 
he became more stuporous, still complaimng of severe right frontal 
headache His course had remained afebnle In Anew of these findings 
of progressiA'^e mcreased intracramal pressure, a right fronto- 
temporal craniotom;j was carried out under local infiltration anes- 
thesia No abscess, tumor or subdural hematoma aabs disclosed and 
It AAas assumed therefore, that the cerebral lesion aabs that of 



Fig IIS (Case 4) — View of pulmonarv arterv from abo\e which shows the 
cone-shaped diaphragm formed bj a fusion of the pulnionarj leaflets and pro- 
ducing ninrhed obstruction of the pulnionarj orifice TJie opening in the center 
measured onlj 0 5 cm The pulmonarj artcrj was of normal size 

cerebral Aascular thrombosis His condition remained essentialh' 
unchanged for the next tw o w ecks , then progressnm somnambulance, 
stupor and finally coma began to dcAelop, and the patient died on 
December 31, 1917 

Postmortem examination rcA ealed enlargement of the heart, aaIiicIi 
weighed 425 gm The pulnionarj arterj arose exclusnelj from the 
right Acntncle The pulnionarj xahe was the site of congenital 
stenosis The Aalve Aias guarded bj a diaphragm-hke cone-shaped 
membrane in the center of aaIucIi there A\as an opening AAhich meas- 
ured 5 mm in diameter (fig 113) Tiie diameter of the pulmonarj 
arlerA' at this IcacI measured 2 cm The diaphragm-like membrane 
forming the jmlmonarA auIac aaos, in essence, a fusion of the 1 
pulmonarx leaflets Tliere aa as a considerable degree of hj^pertroplij 
of the right Acntricular aaoII AAliich measured 11 cm in aAcrage 
thickness The outlet of the right Aentncle A\as considerablj' nar- 
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rowed and measured less tlian 0 5 cm in diameter The >entricular 
septum n as intact The aorta rose exclusir elj from the left \ cntncle, 
the wall of winch measured 1 5 cm in thickness Tlie great \eins 
drained into their appropriate atna The right atrium was shghtly 
dilated and there was a patent foramen or ale measunng 1 5 b\ 
0 5 cm (fig 114) There was no erndence of bactcnal endocarditis 



Fig 114 (Com 4) — lyfl nntrum onci nlnnl w^plum willi patent fomraen o\aIo. 

In tlic upper aspect of Uic left puliiionnn arler> jiwl bc\ond the 
bifurcation and in line >ntli the outflou tract of the right ^ cntncle 
there >\a8 on intimnl patch niensurinp 2 0 Bn 1 0 cm >\hicli xsm 
charoclcnrcd bj roughening niid slight cIo\ ntion of the inlimal sur 
face TJierc iscrc 2 prominent broitrliial arlcncs The right aiw' 
from the second nghl intcrcosInJ nrterv Tlic Jcfl bronchia! artcr\ 
arose from the fourth nglit aortic intercostal Tiic brain roiitnincd 
0 Jnrgc abscess nhich mcasurcil 6cm In dinmctcrnml in>ol\cd iJic 
nglit frontal lobe (Cg 115) Tiic wall of the nbtccss was rclotnclj 
llnck and firm, and tlicsurroundingccrciiml tissue was soft nndedem 
atous A culture from flic nlisccss rc\calcd anaerobic dipliihtroiiLs 

Comment — Tins case is of unusuul interest not onK liecausc 
of tJic finding of nulnionorj stenosis with intact \cnlncular 
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septum but also because it illustrates tbe predisposition of 
irdividuals with congemtal heart disease to the development 
of cerebral abscess 



Fig 115 (Case 1) — Cerebral abscess in the right frontal lobe 

The chnica) diagnosis uas in error in tlus case, the presence 
of puhnonarj^ stenosis not being suspected Yet, in retrospect, 
llie chnical findings become understandable m the light of the 
findings at autopsy The late development of cyanosis, the 
relatively higli le\el of restmg arterial ovygen saturation and 
the mimmal ph'^sical disabihty from the cardiac lesion all 
seem to indicate a relatively good pulmonary circulation, and 
the prominence of tlie pulmonary conus shadov seen on the 
roentgenogram seemed sufficient to exclude the presence of 
pulnionoTA stenosis The mtensitv of the cyanosis m this case 
vas thoiiglit to be more a reflection of the polycythemia than 
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an indication of severe oxygen unsaluration of tLe artena] 
blood These findings suggested the presence of a ventncular 
septal defect Yvith aortic ovemdmg but inthout pulmonar)' 
stenosis, the syoidroine commonly termed “Eisenmenger’s 
complex ” 

Two findings were not gn en sufficient chnical emphasis m 
the evaluation of this case and, had they been, the correct 
diagnosis might hate been suspected I refer first, to tlie 
roentgenoscopist s report of only mmimnl pulsation m the 
pulmonary artery shadoivs, even though these shadows were 
promment, and, second, to the finding of a marked nght 
ventricular slram pattern on electrocardiographio examina- 
tion The absence of normal pulsations m the pulmonary 
artery shadows should have mdicated, m tlie presence of a 
pulmonarv artery of normal or increased size a \ alvTilar type 
of pulmonary stenosis The pulmonary stenosis in this case 
might hav e been more clearly and diagnoslicallv demonstrated 
had the patient’s condition allowed cardiac cathetcnzation 
Cathetenzalibn of the pulmonary artery would have revealed 
a greatly reduced pressure in tlie pulmonary artery distal to 
the stenosis Although the electrocardiogram m Eiscnmengcr’s 
complex usually shows right axis deviation one docs not find 
the patleni of right ventncular strain with T wave negatmty 
in leads II and III and ST segment clinnges os is found m 
those conditions that produce isolated strain on the right 
V entncle 

Complete pulmonary stenosis without ventncular septal 
defect 13 a rare lesion Although iny colleagues and I have 
made the diagnosis chnicallv by means of cardiac catbetenza- 
tion in an acy anotic young woman of 30 vcars of age, the onlv 
autopsy specimen wc have of tlus tvpe of defect in our collcc 
tion of 133 cvainplcs of major canlioc anomalies is the one in 
case 1 In approximately half of the cases of pulmonarv sten- 
osis without ventricular defect reported in the literature ” 
the foramen ovale has remained patent allowniig under con 
ditions of increased pressure in the nglit side of the heart 
blood from the nght nuncio to enter the arterial circulation 
The venous nrtenal shunt throughjtlic ’^nuncios tends to 
simulate functionally the circulation in tetralogy of Fallot 
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expept that the left ventricle is alone responsible for the sys- 
temic circulation When both auricular and ventncular septa 
are intact the lesion becomes one of pure pulmonary stenosis 
and all of the blood returmng to the nght side of the heart 
has to be forced through the narrow valvular stenosed part 
and through the pulmonary circuit Under such circumstances 
cyanosis usually does not develop until adolescence or adult 
life is reached and then only as a manifestation of incapacity 
of the right ventricle to mamtam the pulmonary circulation, 
vuth consequent nght heart failure 

The most common cerebral comphcation in the course of 
cyanotic congenital heart disease with secondary polycythe- 
nua IS cerebral thrombosis The extremely high blood viscosity 
mlh hematocnt readings of 80 to 85 per cent is not uncommon 
and, thus, intravascular thrombosis is a senous hazard Cere- 
bral abscess is also a common comphcation m any type of 
congenital heart disease in which there is a venous artenal 
shunt, and the records of the Clmic now shoAV 6 cases of cere- 
bral abscess m association with various septal defects The 
cerebral symptoms due to abscess may develop insidiously 
or ver}’- abruptly, as ivas true m this case, and may simu- 
late closely the clinical findmgs in acute cerebral vascular 
occlusion 

SUMMARY 

Four cases of pulmonar^^ stenosis haA’^e been reported, the 
first 2 cases occurred m children 3 years of age and illustrate 
the tA'pical chmcal features of pulmonary stenosis of the 
letralogj^ of Fallot type The first child obtained a very 
successful result from tlie operation of a Blaloch-Taussig 
anastomosis, the second child died of anoxemia Transient 
episodes of seA'ere anoxenua AAith loss of consciousness Avas 
the pronunent clmical feature m the second case and pre- 
ceded the terminal attack The usual anatoxmc changes found 
m tetralogy of Fallot are also Avell illustrated m this case 
The^thud case illustrates the adaptabihty of the circulation 
A\hen the degree of stenosis is not severe, and the fourth case 
of pulmonarA’ stenosis AAithout A'^entricular septal defect has 
been reported because of the rarity of tins lesion and because 
of the interesting comphcation of cerebral abscess 
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CLINICAL-PATHOLOGIC CORRELATION OF SOME LESS 
COMMON Ci’^ANOTIC CONGENITAL CARDUC 
DEFECTS IN INFANTS 

James W DuShanb 

Accuhate cbagiiosis of the specific anatomic lesions in 
congemtal heart disease is diflicult m early infancy Multiple 
defects often exist m a smgle heart and, frequentlj , the ad- 
ditional defects may compensate for one ahnormahty 
improving the function of the heart and pemnttmg more ade- 
quate circulation of the blood A functional diagnosis can he 
made, m many cases of congemtal heart disease, bj under- 
standing the altered physiology of the circulation and recog- 
nmng the olmical manifestations of these changes Correlation 
of the clini cal findmgs with the results of detailed study of 
the pathologic specimens m infants -with congemtal malfor- 
mations of the heart and great >068618, as so bnllantlj advo- 
cated for many years by the late Dr Maude Abbott and 
emphasised more recently by Dr Helen Taussig in her 
exigent book,* has moroased immeasurabl) our knowledge 
of the altered phvsiologj Until reccntl> the exact differ- 
entiation of one anatomic anomaly from another was niostlj 
of academic mterest and of no practical importance, but, 
smee the advent of succcssfid surgical treatment of a few 
types of congenital disorders, renewed interest in tins field 
has been stimulated 

Understanding of the events that occur m orderly pro- 
gression m the embrjologic development of the normal human 
heart is essential for the sludj of tlie various ahnormahties 
that may occur as a result of arrest or errors in the dev clop- 
ment of the cardiovascular sjstem, ISo attempt mil be made 
here to rcvucw details of the development of Uio heart in the 
fetus or to analyze the various thcones explaining the malfor- 
mations m the pathologic specimens It is well to remember 
that tlie primitive canliac tube in the three week old embrvo 
evolves into Uic complete complicated adult stnicturc bj 
the eighth week of fetal life Duniig this bnef span of iiie 
weeks there occurs the bcndiiig looping rotating and torsion 
of the cardiac tube to produce the four chamlicre waili tlicir 
B7!> 
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respective valves and mtracardiac septa An Eirrest u) develop- 
ment or an error m the normal progress of this mtricate dif- 
ferentiation of tissue can result m senous defects in anatomy 
and function of the heart Reports of 4 cases are presented 
herein to illustrate some of the less common cardiac malfor- 
mations which are usually mcompatible with extra-utenne 
hfe for more than a few months 

REPORTS OF CASES 

Case 1 — Airesia of Ihe mitral valve with rudimentary left ventricle, 
patent foramen ovale and ventricular septal defect (This case was re- 
ported elsewhere 

A white male infant was born at full term on March 24, 1946, 
after a normal pregnancy during which there was no knoivn infec- 
tion The birth weight was 3,850 gm (8 pounds, 8 ounces) The new- 
born infant appeared normal and his color was good On the sixth 
day of hfe a precordial systohc murmur was noticed Roentgenologic 
examination revealed marked cardiac enlargement and apparent 
pulmonary congestion The electrocardiogram made at that tune 
revealed sinus tachycardia and slight right axis deviation At the 
age of 2 months the baby was re-examined because of Ins failure to 
gam weight The mother had noticed no cyanosis but the examining 
physician pointed out that the infant’s bps were dusky when he was 
Ipng on Ins abdomen A systohc murmur was described which was 
loudest at the left of the sternum There was no evidence of cardiac 
failure although the heart was enlarged 

The infant did not make a satisfactory' gain in weight and was 
admitted to the hospital on June 27, 1946, at the age of 3 months 
At that time he appeared poorly nourished but there was no 
cyanosis The systohc heart murmur remained unchanged On 
roentgenologic examination, the heart was greatly enlarged and the 
cardiac contour indicated right ventricular and nght auricular 
enlargement (fig 116a) The electrocardiogram at that time showed 
a low aptitude T waA'e m lead I and exaggerated P ivai'es in leads 
II and III in addition to right axis deiuation (fig 1166) The ery'lh- 
rocyle count was 3,880,000 per cubic millimeter and there ivere 
13 5 gm of hemoglobin per 100 cc of blood The leukocytes num- 
bered 13,000 per cubic milhmeter In the hospital the baby failed to 
gain weight, and a fever deA'eloped on the thirteenth day' ivliich 
gradually increased to 106° F by the twenty-mnth day in spite of 
pemcilhn therapy Blood culture gave negative results During this 
tune some dyspnea and cyanosis appeared On the twenty-ninth 
day the baby' became markedly cyanotic and dy'spneic and died 
three days later, at the age of 4 months 
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At autopsj tlie pnmorj lesion of the heart was atresia of the 
onfiee of tlie mitral sails e Tlierc svas no opemng between tlic left 
atnum and the left sentncle, onl> a dimple svas esadent at the 
expected location of the mitral sals c (fig lldc) The foramen os ale 
was patent snlh the sails e Isang to the nglit of tlie plane of the 



Kig 116 (Cnv 1) — a Cardinc cnlarpemcnl I* evident Brorvchovn^ulor 
slittdowB are promlnenl 6 Patient 3 months old The P wav*©* ore exaggerated 
in lead* II and III There Is right axis deviation, e. The left atrium ha* l>ccn 
opened to ahow the pnipnt lorameo omle and absence of the mitral on0« and 
valve There U a •maD dimple at the expected *lle of the mitral onOce d. The 
right VTntrfdo I* dliplav^ below Tbe polroonary artery h •hown andng from 
the right ventricle and^alvidlog Into lU right and left branche* The opened 
aorta Is seen In the upper right portion of the photograj h IhU vewl arches 
over the left pulmonary artery e Course of Uio hlood flow through the heart. 
(Ileprinled by permission from Edwards J E. and nogcr* H "M Atresia of 
the onGce of the mitral valve report of a rase Dull Inlemat Soc M Mo 
seuim, f7H52-“6. 19t7) 
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interatrial septum, as though the valve had been forced from its 
normal position at the left of the septum through the foramen ovale 
The right atrium was greatly dilated and commumcated with the 
right ventncle through the tricuspid orifice which was ivide, measur- 
ing 5 cm in circumference The right ventricle was large, constitut- 
ing most of the ventricular portion of the heart (fig Il6c0 There 
was a defect in the upper part of the ventricular septum measuring 
3 by 6 mm Through this defect the right ventricle commumcated 
with a small, rudimentary left ventricle which had no papillary 
muscles The aorta arose from the small left ventricle and arched 
over the left pulmonary artery rather than over the right as in the 
normal person (fig 116d) The ductus arteriosus was closed 

Comment — This heart represents an example of a func- 
tiomng single ventncle Durmg fetal life the blood from the 
pulmonary vems emptied mto the left atrium but the mitral 
valve was closed, so the only outlet was through the foramen 
ovale mto the right atnum Thus the normal right to left 
blood flow through the foramen ovale was reversed The 
entire venous return from the pulmonary circuit entered the 
nght atrium where it jomed the venous return from the sys- 
temic circulation and passed through the tricuspid orifice 
mto the nght ventncle The major portion of the blood left 
the large ventncle via the pulmonary artery, some entering 
the pulmonary circmt and the rest traversing the ductus 
arteriosus to the aorta A small part of the right ventricular 
blood v as shunted through the ventricular septal defect mto 
the left ventncle and out mto the aorta The nght ventricle 
constituted the systemic ventncle and carried out its usual 
role of supplyung the pulmonary circulation as well Smce the 
entire volume of blood of the fetus entered the right atrium 
and ventncle, this mcrcased load caused dilatation and 
hypertrophy of these chambers The mcomplete ventricular 
septum vas pushed to the left o^vmg to widening of the 
right ventncle, and the left ventricle remained rudimentary’', 
actually constituting only an outlet passage to the aorta 
Usually , a small left ventncle is associated with a hypoplastic 
aorta because of the deficient blood flov tlirough that vessel, 
but in this heart, the aorta A\as of normal caliber 
At birlli the licarL vas enlarged as a result of the strain 
placed on the nght atrium and ventricle m fetal hfe As the 
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ductus artenosus closed, the systemic circulation was sup- 
ported by the small amount of blood passmg through the 
ventricular septal defect to the aorta The pulmonary system 
received the large portion of blood from the dommant right 
ventncle (fig 116e) As a consequence, more oxygenated blood 
than systemic venous blood returned to the heart, and the 
lack of cyanosis, except as a terminal phenomenon, m this 
patient is readilj explamable The apparent pulmonarj con- 
gestion, as demonstrated by roentgenogram, is hkewise ac- 
counted for by the mcreased pulmonary blood flow The 
inadequate systermc circulation, produced by closure of the 
ductus artenosus, presumably was responsible for the fadure 
of normal de> elopment of this infant after bulb It is evident, 
from the review of the pathology , that proper diagnosis should 
have been suspected durmg hfe, because all of the chnical 
findings pomted toward a functionally smgle ventncle mtli 
good pulmonary circulation. The location and character of 
the SYStolic murmur m this case, was of no diagnostic im- 
portance because a similar murmur may occur m other tyqies 
of congemtal cardiac defects 

Speculation concemmg possible surgical correction of the 
altered physIolog^ in mitral atresia is not ^o^y hopeful An 
anastomosis between the pulmonary artery and the aorta, 
as deMsed by Potts, Smith and Gibson for patients with 
tetralogy of Fallot, might mcreaso the systemic blood lion 
if pressure relationships in these two \csscls were fa\orable 
but there would be no assurance that such a shunt nould 
function 

Case 2 — Aorhe atresia with mlael renlncular septum, patent 
foramen orate and patent ductus arteriosus 

A nliitc female infant was bom April 15 19J7 at full term the 
result of the first pregnanej of young liealtliy parents The birtli 
weight was 3 ■180 gm (7 pounds 9 ounces) Tliere was no cyanosis 
at birth At the age of IS days some blueness of tlie bps was noted 
with crying Tliese cyanotic spells increased in se\-enly and fre- 
quency and the baby failcil to gam TOight. She was admitted to the 
hospital on July 15,1947 at the age of 3 months Pliysieal examina 
lion reicaled a small undeniounshtd infant walh coiistonl cyanosis 
which became so ere with cning Tlicre was a systolic murmur at 
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Fig Hi (Case 2) — o, Enlargcnienl of the heart and prominence of the ’pul 
monnr> conus b. Exaggerated P wax-es in lends 11 and HI There is right axis 
dcxTotion c. The xnde pulmonary arlcrj and the hiTioplastic aorta have been 
opened The dmsion of the pulrnonar> arterj into right and left branches is 
demonslrntcd The patent ductus arteriosus leads from the left pulmonarj 
nrter> into the aorta which is dilated distal to the entrance of the ductus Proxi- 
mal to the ductus the aorta is narrow and the three major arteries from the 
arch of the aorta are illustrated d. Course of the blood through the heart. 
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the base of the heart. The edge of the hver was palpable 2 cm below 
the margin of the ribs Urinalysis showed occasional erythrocytes 
and pus cells with a trace of albumin. The erythrocytes numbered 
5 670,000 per cubic millimeter of blood and the hemoglobm meas- 
ured 19 gm per 100 ec of blood Roentgenograms of the chest 
revealed an enlarged heart with prominence of the pulmonary conus 
(lig 117a) The electrocardiogram revealed sinus tachycardia 
exaggerated P waves in leads II and III There was nght axis 
deviation (Cg 1176) 

A diagnosis of congemtal heart disease was made In new of the 
presence of cardiac enlargement with a dominant nght ventncle 
and indications of adetpinte pulmonary blood flow, a functioning 
single ventricle with aortic or mitral atresia or crossed transposition 
of the great vessels was considered as the most hhely anatomic 
diagnosis The infant foiled to improve in the hospital and was dis- 
missed to her homo where she died one week later, on August 3 
1947, nt the age of 4 months 

At postmortem examination the pnmarj malformation in tins 
heart was atresia of the aortic onCce by a diaphragm like membrane 
which appeared to represent fusion of tlio aortic leaflets The left 
tontncle was thick but tlie chamber ivns small The mitral nilve 
was diminutive Tlie left atnum commumcated with the right 
atrium through a small foramen ovale The right atnum which 
received blood from the xonao cavao as well as from the left atnum 
through tlie foramen ovale, was enlarged Tlie tricuspid onOco was 
normal and the nght ventncle was enlarged The pulmonary arteiy 
was wide and communicated intli the aorta by means of a patent 
ductus artenosus (fig 117e) The ascending aorta was hjTioplaslic 
The onficcs of tlie coronary arlenes lay above the atretic aortic 
valve and recoiled blood bj reicrsc intraaortic flow from the 
pulmonarj orterj by way of the patent ductus artenosus 

Comment — The primary defect in this heart was atresia of 
the aortic onfice Blood entering the left i entncle from the 
left atnum was trapped because this chamber had no outlet, 
consequently, there must haic been a reflux of blood back 
through tlie imtral lolic into Uie left atnum As a result nil 
of the blood rclurmiig to tlie heart tin the pulmonan leiiis 
was shunted through the foramen oiale into the nght nlriiiui 
where it mixed ivith the xenous return from the syal/mb 
circulnlioii This mixed blooil then entered the nght m iilij</i 
and was pumped through the pulmonary nrten a 
traiersing the ductus artenosus into the aorta and lh< 
entenng the pulmonary circuit (lig 117d) 
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This heart functioned as a single ventncle type, as did that 
reported in case 1 During fetal life, the entire volume of 
blood passed through the nght ventncle, and this chamber 
provided the propulsion for the entire systemic circulation 
as Avell as for the pulmonary circuit This resulted m enlarge- 
ment of the right ventncle before birth The course of the 
circulation remained essentially unchanged after birth and 
the enlarged heart was demonstrated by roentgenologic ex- 
amination While the pulmonary circulation was adequate, 
this infant exhibited constant cyanosis because of madequate 
systemic blood flow and difficulty of the oxy’^genated blood m 
reachmg the systemic circulation through the small foramen 
ovale In the presence of this combination of cardiac defects 
the systenuc blood pressure is usually low, as it must remain 
less than the pressure m the pulmonary circulation m order 
to assure flow of blood through the ductus arteriosus from 
tlie pulmonaiy'^ arteiy^ into the aorta 

There are pomts of similarity between aortic atresia and 
mitral atresia as demonstrated m cases 1 and 2 These two 
abnormahties may exist together m the same heart, and the 
effect on the circulation is much the same as that mentioned 
for aortic atresia alone The essential difference between case 
1 and case 2 is that there was a ventricular septal defect with 
a closed ductus arteriosus m the infant Avith mitral atresia, 
and there Avas no Annlricular septal defect but the ductus was 
patent in the case of aortic atresia WTule there was right 
Anntricular enlargement in each, the manner of mixture be- 
tAveen Annous and oxy^genated blood Avas someAvhat different 
m the tAA'o conditions 

Case 3 — Alresia of ihe tricuspid orifice with rudimentary right 
lentriclc, patent foramen oiale and ventricular septal defect (This case 
has been reported elseAvliere 

A AAliitc female infant vas born August 19, 1946, at full terra A 
loud, sjstolic murmur iras present OA'er the precordium There were 
tAvo brief spells of cAanosis dunng the first da> of hfe, but thereafter 
the color of the skin remained normal durmg the neonatal period 
There Avas no enlargement of the heart The electrocardiogram 
made on August 22, 1946, shoAved left axis dcAuation (fig 1186) 
At the age of 6 AA*eeks the infant’s lips and nail beds AA'cre noticcablj 
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blue, and there was some generalized cyanosis during crying spells 
The mother described an occasional ‘ blue episode ’ lastmg one to 
two hours during which the baby became dj-spneic and coughed 
The systolic murmur bad become maximal in the third intercostal 
space just to the left of the sternum A roentgenogram of the chest 
revealed absence of the pulmonaiy conus and a narrow i oscular 
shadow above the heart (fig 118a) When the infant was 3 montlis 
old right hemiplegia suddenly developed and sho was admitted to 
the hospitaL At this time she was constantly cyanotic and dyspneic 
and did not improve mtli administration of oxygon There were 
5,170,000 erythrocytes per cubic milbmeter and the hemoglobin 
measured 17 7 gm per 100 cc of blood The electrocardiogram made 
on November 5 1946, showed left axis dovintion, notched ORS 
complexes in lead 11 and exaggerated P waves m lends II and III 
(fig 1186) She faded to improve and died on December 3 1946 at 
the age of 3 months and 2 weeks 
At autopsy the primary malformation of the heart was alrcsm of 
the orifice of the tncuspid i nlvo No opemng existed between the 
right atnum and the right ventncle (fig 118c) There was a patent 
foramen otolo (fig 118d) The left atnum commumcated through 
the mitral onfico with the left xentncle which ivns enlarged and 
constituted the major portion of the i cnlncular part of the heart 
The aorta comrauntcatod with the left ventncle There was an 
ectopic ventnoular septum m wlucli a narrow shtliko defect existed 
in its membranous portion (fig 118e) Tluough the ventnoular septal 
defect the left ventncle commumcated with the dimmutivo nght 
ventricle (fig 118/1 The latter gave ongin to the pulmonaiy orterj 
Tlie ductus arlcnosus was closed 

Comment — Functionally, this heart represents a single 
ventncle type It is the counterpart of the anomaly occurring 
with nutral atresia, as the left ventncle rather than the nght 
ventncle is donunant in tncuspid atresia Figure 118p repre- 
sents the course of the cireulntion m this heart ns recon- 
structed from the anatomic linthngs Smeo the tncuspid 
opening did not mast the venous blood from the syslcnuc 
cireulntion entered the nght atnum bv the venae cavac and 
passed tlirougli the foramen ovale into tlie left atnum Oxy- 
genated blood entered the left atnum from the pulmonary 
veins, mixed with the venous blood from the nght atnum 
and then passed through the nutral onlico into the largo left 
venlricle The major portion of the contents of llio left vcii- 
tnclo was pumped into the aorta hut a small part wasshiiiiled 
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Fig. 110 (Cbn/jfiu«f from oppo$ite pogt) Inlerlor of iLo right atnum of 
Ibo heart. The probe 1* In the coronary sinus At the expected location of 
the tricuspid odCco there is no opening and no IncuspId >*nI\Tjlar tissue. The 
foramen ovale Is patent. The nght atrium Is diioted d The left otriam and 
left \ontnclo are oponod Tliero Is a probe through the patent foramen o^tJo 
T he left otrium is dilated Hypertrophy of the "wali of the left >‘entncle ond the 
largo chamber are demonstrated e The Inside of the left >xntrlcle and aorta 
The probe leads through tho sliUiko wntricolar septal defect into the right 
\entriclo boj'ond / The diminull\-e right \cntriclo and tho pulmonary artery 
have been opened A probe is fa place io the Ax;alriculQr aeptai defect and leads 
from the left \-enlriclo beyond g DirccUon of llic flow of blood through the 
heart, (neprinted by permission from Edwards J E. Dry T J ond Logan 
G B Congenital atresia of tJio tricuspid orlOcc report of a case. Boll Inlernat, 
Soc M Museums. In press ) 
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through the small ventncular septal defect into the rudimen- 
tary right ventncle which served only as an outlet passage to 
the pulmonary artery During fetal hfe the ductus artenosus 
helped supply the pulmonary circulation This condition prob- 
ably prevailed for a time after birth, hence the pulmonary 
circulation was sufficient to prevent cyanosis until the ductus 
artenosus began to close at approximately 6 weeks after birth 
If the ductus had remained patent, this infant undoubtedly 
would have survived for a longer penod 

The clmical features of tncuspid atresia are distinct and 
should lead to accurate diagnosis if properly evaluated At 
birth the heart is not enlarged The roentgenogram reveals no 
pulmonary conus and shows a narrow supracardiac vascular 
shadow m the anteropos tenor position In the left anterior 
oblique view, the supracardiac shadow remams narrow and 
the nght ventncle appears small, as Taussig® has pomted out 
A cardiac murmur may or may not be present and is of no 
diagnostic importance The electrocardiogram usually reveals 
left axis denation, which occurs m no other type of congenital 
heart disease that produces cyanosis The presence of cyanosis 
IS another constant feature of tricuspid atresia 

Tlus malformation of the heart is rare, 25 examples having 
been tabulated by Alibott in 1,000 cases of congemtal heart 
disease Since the pulmonary cuculation is inadequate m 
infants vnth tricuspid atresia, an aortic-puhnonarv artery 
anastomosis, such as the Blalock-Taussig or Potts procedure, 
would provide an increased flow of blood into the puhnonarj' 
cucmt Since Ibis defect can be readily diagnosed during hfe, 
surgical anastomosis should be attempted m those cases in 
vhich there is marked cyanosis 

C\SE 4 — Complete transposition of the aorta and pulmonary artery 
with patent ductus artenosus and a defect in the membranous portion 
of the ventricular septum 

A female infant born August 2, 1945, vas the fifth child of 
healthy, 31 ^ear old parents The first 3 children were h\ung and 
veil but the fourth child had died at the age of 5 veeks because of 
congenital heart disease, although the exact anatomic lesion was 
unknown The present infant was bom at full term, the mother had 
jiad no known illnesses during the pregnancj At birth the umbilical 
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cord was around the baby s neck and the baby was said to bai e been 
completely black, although her color rapidly unproied after resusci- 
tation At the age of 5 neeLs cyanotic spells developed and the 
physician discovered a heart murmur She began to cough at the age 
of 6 weeks, difficult breathing developed and she became constantly 
cyanotic 

Exammation at the dime rev ealed an undernourished baby of 2 
months whose weight was only 3,200 gm (7 pounds) She was 
moderately cyanotic Her respirations were grunting The skin was 
dry and loose The heart was enlarged A prccordinlsyslohc murmur 
loudest at the apex and audible m the left scapular region, was 
present. The lower edge of the hv er was palpable 3 cm below the 
costal margin, but the spleen was not palpated The erythrocytes 
numbered 4 000 000 A roentgenogram of the thorax showed marked 
enlargement of the heart with a narrow supracardiac shadow The 
bronchovascular markings were increased (Cg llPa) Electrocardio- 
graphic examination demonstrated sinus tacliycardia with a rale 
of 178 per minute There «as right axis devuation (fig I19i) 
Shortly after admission to the hospital the temperature rose to 
103 6° F and the infant become moribund, dying October 3, 1915 
thirty-aii hours after admission, at tlio age of 2 months 

At autopsy the pathologic features of this heart were cliaraolens- 
tic of complete transposition of the great vessels The aorta arose 
exclusively from the right venlrido (fig 119c) The pulmonary 
artery arose from the left ventnde The ascending aorta nas 
abnormally related to the pulmonary artery m that the former lav 
directly in front of the latter There was a defect in the membranous 
portion of the ventricular septum ns shown m figure 119d There 
was a mild degree of patency of the ductus artenosus 

Comment — In this abnormality of the heart the blood 
entered the right atnum from the venae cavae then entered 
the right ventricle through the tricuspid onCce (fig 119e) 
From tlic right v cntnclc the blood was pumped into the aorta 
and mto the systemic circulation, reluming again to the nght 
atnum vntliout oxygenation in the lungs Blood cntcmig the 
left atnum from the pulmonarv v ems entered the left v cn- 
tricle and was recirculated tlirough the pulmonarv svstem 
There was no crossing of the systemic blood to the pul 
monnrv circuit except through the ventnculor septal defect 
and through the ductus artenosus. Witliout an additional 
anomaly, complete transposition of the great vessels is not 
compatible witJi life after birth, because tlie sv stems do not 
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cross and oxygenated blood cannot reach the hody In thjs 
case the patent ductus artenosus allowed some nuxtiu'e of 
the blood from the tAvo systems, and this mixture was en- 



rig 119 (Case 4) — a. Enlargement of the heart, a narrow supracnrdioc 
shadow and increased broncho\ oscular markings are cMdenl. b. Electrocardio- 
gram, made at the age of 2 months, shows right axis dcMalion e. The right 
\cntriclo has been opened and the aorta can be seen originating from this 
chamber There is a defect in the membranous part of the xentricular septum 
The orifices of llie coronary arteries arc visible, arismg from the aorta d, The 
inside of the left '\entricle and the pulmonary artery is shown The defect of 
the \cntriculor septum is Msible just under the orifice of the pulmonary arlerj 
f. Direction of blood flo^v through tlic heart 

hanced by the A'cntncular septal defect Dunng fetal life the 
circulation is not handicapped by cross transposition of the 
great A’cssels oxygenated blood from the placenta enters 
the right atrium and A'entncle and is pumped mto the aorta 
to supply the systemic circulation, a portion crossmg mto the 
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pulmonary circmt via the ductus artenosus, the left ventricle 
receives hlood from the pulmonary circmt and provides the 
force necessary to force the hlood through the pulmonary 
artery mto the pulmonary circulation. This situation is similar 
to the normal conditions except that the two ventncles are 
functionally reversed No heart stram occurs before birth, 
consequently, there is no cardiac enlargement m the newborn 
baby 

Complete transposition of the aorta and pulmonary arterv 
produces cyanosis at birth unless there is a septal defect 
With a septal defect some mixturo of blood results and color 
may remam good m infancy , but, smce tlie sy stemic blood is 
recirculated without passmg through the pulmonary sy'stem, 
cyanosis tends to become more evident ns time passes The 
cyanosis is accentuated mth stress, such as that from crymg or 
nursing Taussig’ has pomted out that the color of the lower 
extremities may be better than that of the upper part of the 
body because a shunt of oxygenated blood through the ductus 
artenosus usually enters the descendmg aorta and is less 
likely to be distnbuted to the vessels ansing from the arch 
of the aorta 

Diagnostic features of transposition of the aorta and pul- 
monary artery consist of cyanosis, which may become more 
mtense in the upper part of tlio body, at on early age, rapid 
enlargement of the heart, particularly the nght atnum and 
right vcntncle, and roontgcnographic exndcncc of an enlarged 
heart, mlh a narrow supracnrdiac shadow and absent conus 
in the miteropostenor xtcw, and enlargement of the right 
lentncle with 'widemng of the x oscular shadow in the left 
antenor obhque projection Murmurs ore x annble and depend 
on the associated anomalies The electrocardiogram is not 
cliaraclcnstic. 

Most infants xvilli complete transposition of the great 
X csscls surxTx c only n fexv montlis after birlli Closure of the 
ductus artenosus reduces the amount of crcismg of the two 
circulations so that continued Bumxal is dependent upon the 
presence of additional anomalies xvhich allow nuxture of 
systemic blood xntli the piilmonnrx hlood Surxixnl for n 
number of years is possible xiitli a largo atnal septal defect 
This fact suggests tliat a possible surgical approach to tins 
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condition might be the creation of an atnal septal defect to 
allow mixture of the oxygenated blood of the pulmonary 
circulation with the venous blood of the systemic circuit 
On the other hand, many infants with transposition of the 
great vessels and a patent foramen ovale have failed to sur- 
xive the neonatal period, so there is no assurance that this 
additional anomaly will prolong life 

SUMMARY 

Reports of 4 cases have been presented which demonstrate 
four different types of uncommon congemtal malformations of 
the heart Cluneal and pathologic features have been cor- 
related in an effort to clarify the altered physiology and to 
emphasize the diagnostic features of mitral atresia, aortic 
atresia, tncuspid atresia and transposition of the great vessels 
The presence of cyanosis and the configuration of the heart 
on roentgenographic and roentgenoscopic examination pro- 
Aude the most accurate means of evaluation Cardiac murmurs 
are of no importance in differentiating these anomahes m 
infancy and the electrocardiogram is of httle aid except in 
the case of tricuspid atresia, in which the left axis deviation 
IS diagnostic 
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ATRIAL SEPTAL DEFECTS 
Thomas J Dry 

The (iI^^SIOI^ of the pnnutne alniim occurs m a manner 
that not only allows blood to flow from the nght to the left 
atnum dunng antenatal life but also presents the flow of 
blood from the left to the nght atnum after birth Thus the 
same flaplike structure, the septum pnmum, which is readily 
puslied aside hy the directional force of the fetal circulation 
and which prei ents regurgitation of blood back mto the right 
atnum, is forced agamst the foramen o\a]e (which is an 
aperture in the foramen secundum) as soon as the pressure 
in the nght atnum falls below that m the left atnam. This 
event occurs when the pulmonarv circulation begins to func- 
tion in the newborn at a time when penpheral resistance in 
the pubnonar)’ circuit falls and when penpheral resistance m 
the systemic cu-culation nscs During the first ^ ear of life the 
foramen ovale normally is large enough to admit a probe and 
m about 20 per cent of persons such a condition persists 
mdefimteh but is of no clmical importance except when under 
exceptional cHcumstances the slit ma\ be tempc'3nl\ opened 
b> a nso of nght atnal pressure o\cr that in the left atnum, 
as for example when an embolus becomes fodred m the pul- 
monary artery It is under such condjlKcs that an emliolu.- 
inay also escape through the foramen onl- and enter th» 
sxstenuc curulntion (paradoxical emboEm; '’fv 120) 
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as well as the history m cases of atnal septal defect are some- 
what variahle and the foUowmg cases were selected to illus- 
trate the secondary manifestations and then outcome 



Fig 120 — Intcnor of nght atriurn An elongated thrombus jb projecting 
through the foramen ovale 

REPORT OF CASES 

Case 1 — Atrial septal defect with easily recognizable physical signs 
but with relatively mild symptoms 

At the age of 16 years, the patient in this case was first told, while 
he i\as being examined for life insurance, that somethmg was wrong 
mth his heart There nas no history' of rheumatic fever prior or 
subsequent to this time. At the age of 30 years he was told again, in 
the course of a routine physical examination, that Ins heart was 
enlarged At that tune, djspnea was occurring as a result of rather 
strenuous effort but his only complamt was that he was aware of 
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‘ massed beats” at nighL At the age of 39 jears he had menmgitis 
Durmg the fiae jears before he came to the Chmc there had not 
been anj progression in his djspnca He came to tlie Chmc at the 
age of 44 jears because of repeated nttaclvs of biliary cohe A 
cholecj'stectomj including ciplomtion of the common bile duct 
was performed eithout incident 

4\Tien the patient was ciamined at the Climo it nas noted that he 
was well del eloped and neighed 200 pounds (90 7 kg) His blood 
pressure nas 112 mm of mercurj sistolic and 78 mm diastohe 
Examination of the heart reicaled a sislohc murmur at the base 
and at the pulmonarj area accentuation of the second pulmonic 
sound a palpable pulsation in the second and third left interspaces, 
general cardiac enlargement nitli absent aortic knob and marked 
increase in the pulmonarj conus shadow (fig 121a) TTio hdar 
vessels were enlarged and rocntgcnoscopic examination disclosed 
marked pulsations in tliese lessels The leukocite count was 7,000 
per cubic millimeter of blood and the \olue for the hemoglobin was 
16 gm per 100 cc. of blood An electrocardiogram (fig 1216) re- 
I ealcd a cardiac rale of 54 per minute impautd i enincular conduc- 
tion, a QIIS complex of 0 12 second low aniphtude of T waxes in 
lends I and IT diphasio T waxes in lend HI and positixo T xvaxes in 
leads Cllt and Cfli The clinical diagnosis was an atrial septal 
defect 

After the gallbladder had been rcnioxxd, tlio right atnum xvos 
cathetemed through the median cephaho xcin (fig 121c) Tlio 
oxjgon saturation of the blood in the right atnum was 84 per cent 
while that of the blood in the superior xena eaxa was only 63 per 
cent This finding confirmed tlio diagnosis of an atnal septal defect. 

This case IS an cxnniplo of nil alnnl septal defect xvhicli 
produced minor cardiac sxniploras xntli rather hi lie lendencj 
to progression but xnth dclimtc signs indicnlixe of on nli- 
normal cardiox oscular phxsiologic status Tlio enpaatj for 
exercise, coiisidenng tlie size of the hcorl, is in contrast xvilli 
that in cases of acquired heart disease in xvhicli enlargement 
of tlio heart is ns great as it xxns in tins cn.'e 

In a case in xxhich the patient is acxanolic and docs not 
haxo congestixo licarl failure, the rccogmlion of atnal septal 
defect depends on the folloxnng cliniral features, xxhich xxcre 
xxell represented in this cose (1) a sxstolic basal munnur 
(2) on accentuated second sound in tJic pulmonic area xxbirh 
occoaionalJv is associated xvitli a soft diastolic murmur of 
pulmonarj insufliciciicx (3) marked cnlargmient of the ninn 



898 


THOMAS J DRY 



■Tig 121 — Roentgenogram showing cardiac enlargement, fullness of ilia 
pulmonar> conus, prominent hilar ^csscls and absence of prominence of aortic 
knob in ease 1 b, Oectrocardiogrom showing bundle branch block, T wai'cs of 
low amplitude in leads I and II, and diphasic T wave in lead III (case 1) Cf 
Catheter inserted into right atnum in ease 1 
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(especially the nght atnum), the nght ventncle and the pul- 
monary artery, (4) accentuation of pulsations m the lular 
vessels, and (5) an electrocardiographic pattern of nght \en- 
tncular stram, ivhich often is associated inth nght bmidle- 
branch block Catheterization of the chamliers of the heart is 
important m distmguishing an atnal septal defect from 
patency of the ductus artenosus m cases in -which the char- 
actenstic maclimery murmur diagnostic of the latter anomaly 
IS, for reasons not >et knomi, replaced bj a systolic basal 
murmur or nhen the electrocardiogram re\eals nght axis 
deviation The same method Mill distmguish an atnal septal 
defect from lesions such as primary cor pulmonale and 
so-called idiopatluc dilatation of the pulmonary arter> In 
secondary cor pulmonale, the underlying pulmonary lesion 
which causes the pulmonary hypertension usually is obvious 
from the history and the physical signs Tlie commonest typo 
of arrhythima obscned m cases of atnal septal defect is 
auricular fibnllation m fact, atnal septal defect is tlie con- 
gemtal anouiolv which most frequently causes fibnllation of 
the aunclcs The probabihty that this arrhythmia mil de- 
lelop mcreases if mitral endocarditis coexists (Lutembacher s 
syndrome) 

Other olcctroeardiographic findings wfiich may ho present 
are those seen m cases m -nhich clironic nght >entriculnr 
strain is duo to other causes These findings are (1) nght axis 
deiualioii, (2) large, often bifid, P na\es, (3) prolongation of 
tlie P-R intcnal, -Hhicli vas noted in 19 of 53 cases rcjiortcd 
by Bedford, Popp and Parkinson, (4) nght bundle-brancli 
block and (5) miorsion of the T waxes in lends II and III 
The xcntnculnr conduction defect is considered b\ most 
autliors to be a sequel of atnal septal defect rntlicr tlian a 
part of the lesion Case 2 shows that this hoxxexer, is not 
always true since the conduction defect was clearly cxident 
xvhen tlie patient xxas 9 xcars old (fig 122a) 

Casf 2 — Atnal septal defect meapacttation due to limited cardiac 
reserre and to many fiinetional sxmptoms sudden and iineiprcted 
dealli 

Tlic patient In this cose was seen nt llic Clinir on numerous ocen 
eions oxer a period of twcpty-eoxcn years The patient first was 
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observed at the Chmc in 1920, when she was 9 years of age At that 
time, she Avas brought to the Chmc because she had chrome eczema- 
toid dermatitis Examination at that time disclosed diffuse cardiac 
pulsation and a “rough, mitral, systohe murmur ” Physical and 
roentgenologic examination revealed that the heart was enlarged 
A diagnosis of mitral regurgitation was made There was no lustory 
of rheumatic fever 

The same findings were observed when the patient was examined 
at the Chmc a year later One consultant recorded the presence of 
a rough basal systohe murmur in addition to the apical murmur 
and also reported that the second pulmomc sound was louder than 
the second aortic sound A tonsillectomy was performed at that 
time 

During the vears that followed, her visits to the Chmc were 
occasioned by a variety of reasons She was hospitahzed many tunes 
because of exacerbations of eczematoid dermatitis, m 1932, an 
exploratory^ laparotomy disclosed an inflammatory mass in the 
riglit side of the pehus Although she frequently returned as an 
out-patient because of vanous intercurrent illnesses that were quite 
independent of her cardiac condition, she never failed to complain 
of symptoms referable to her heart Since childliood, her tolerance 
to exertion had been hmited by dyspnea and especially by conscious- 
ness of tachycardia As she grew into adulthood, the tachycardia 
became a prominent symptom and was associated mth stabbing 
pains in the left mammary region She had attacks of “shortness 
of breath ” associated with hyperventilation tetany There was fre- 
quent reference to gastro-intestinal symptoms for which there Avas 
no organic basis and to fatigability 'V^^3lle cardiac reserA’^e Avas 
obAuously hmited, examination never disclosed any evidence of 
congestiA'e heart failure and cyanosis aabs not noted at any time 

In 1946, the cardiac findings were essentially the same as those 
Avhich had been noted during childhood Alarked precordial pulsa- 
tion AAas Ausible This aaos especially obvious because the patient 
AAas of the asthenic tjpe Auscultation revealed a coarse systohe 
basal murmur and marked accentuation of the second pulmomc 
sound The first mitral sound AA'as spht but the auscultatory findings 
at the apex Avere not prominent enough to substantiate the presence 
of organic mitral endocarditis 

At this time, the a clue for the hemoglobin was 15 gm per 100 cc 
of blood and the erj'throcj'tes numbered 4,140,000 per cubic raiUi- 
melcr of blood Roentgenologic examination revealed cardiac en- 
largement AATth marked prominence of the upper left border and of 
the pulmonarA Amscular markings (fig 1226) The blood pressure 
on numerous examinations was alwajs found to be Antliin normal 
limits Electrocardiograms that Avere made on three occasions are 
illustrated in figure 122a Thej basicallj sIioav essentially the same 
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pattern and reveal right bundle-branch block with a QRS spread 
of 0 12 second The secondary effects of right ventricular strain 
are more cAudent m the electrocardiogram that Avas made m 1936 
than they are in the one that Avas made in 1921, and they are 
hkcAAise more evident in the roentgenogram that Avas made in 1946 
than they are in the one that was made in 1936 These electro- 
cardiograms reveal a progressive trend toward inversion of the T 
waA-^es This first Avas indicated by inversion of the T AvaA’^e in lead 
III, it later Avas manifested by inversion of the T Avave in lead II, 
and finally by a diphasic T wave m lead I 

In the later years in Avhich tins patient AA^as observed at [the Chnic, 
it AA'as the consensus of the consultants that she had congenital 
heart disease which produced a rather typical chmeal picture of an 
atrial septal defect The patient was last seen at the Chmc in July, 
1947, AAdien she Avas 36 years old At that time, it Avas felt that her 
cardiac status was essentially the same as it had been at the time 
of her preAuous examination at the Chmc 

The patient Avas found dead at her home on September 12, 1947 
Necropsy revealed tliat the heart Aveighed 550 gm (normal weight 
IS 234 gm ) TJie right ventricle Avas markedly hypertrophied and 
moderatcl} dilated Both atria Avere moderately dilated The fora- 
men ovale measured 4 cm in diameter The mitral valve aa’SS 
normal except that a shght degree of thickening Avas present at 
the free edge of the vah^e There was no adherence of the leaflets, 
and the chordae lendineae AA'ere normal 

Several AATiters^'® ^ have stressed the constitutional dehcacy 
of patients Avho haA’^e an atrial septal defect The patient in 
case 2 as aa ell as the patients in cases 3 and 4 conformed to 
tins description, but this cannot he considered of diagnostic 
aid smee there are too many exceptions to the rule Although 
Bedford and Ins co-Avorkers said that too much emphasis had 
been placed on such an association, tlie chnical picture is 
quite striking in cases m AAhich patients haA’^e a frad habitus 
Not infrequently, such patients haA’^e many functional s^unp" 
toms Avhicli add to the mcapacitation already imposed hy tlie 
cardiac defect 

Case 2 illustrates the rather frequent occurrence of sudden 
and unexpected death m cases of atrial septal 'defect in AA'hicli 
little in the Avay of progression of symptoms has been eAudent 
to aid in the anticipation of such an CA'^ent ParadoxicallA’, 
these patients may AAithstand major surgical procedures Aiath- 
out incident, as did the patient in this case 
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Case 3 — Atrial septal defect, complicated by paroxysmal tachy- 
cardia, sudden death 

A woman, aged 24 years, first came to the Clinio in 1938 Sho liad 
been treated for rheumatic fever at the age of 15 years The exact 
details of this illness were however not stated Since the age of 17 
years she had been ae are of palpitation This had been a constant 
annoyance and as time passed she had become more and more 
inactive because of easy fatigabihty and because of the occurrence 
of dj-spnea on exertion Because of these simiptoms she had dis 



Fig 123 — a nocolgonograra In cow 3 showing a moderale degrro of cardlnc 
enlargement raxirkcd bulging of tho pulroonory conun prominence of Uie hDar 
\es*els nod abwnco of nortfo knob, 6 Electrocardiogram showing right axis 
deWation and ln%’orsion of T wa>-c8 in leads If and III tenw 3) 

continued work as tolophono operator two >cnr3 before she came to 
the Climc There was no historj of dependent edema, cjanosis or 
licmopti-sis A jear before she came to the Clinic, she had had on 
attack of lerj rapid heart action which had begun and ended 
abrupllj and had lasted about one hour Wide she was being 
examined at the Clinic a second paroxysm of taclijcardio de\ eloped 
and the icntncular rate increased to 160 beats per minute She 
was hospitalixed for further obscrxalion and treatment Before an 
electrocardiogram could bo made the rhythm had n,\ cried to 
normal and the exact type of ectopic rhy Ihm Hint had been present 
dunng the paroxysm could not be identified 

examination disclosed llial the heart was enlarged to the left 
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A loud blomng systobc murmur W£is heard at the apex A review of 
the roentgenogram of the thorax revealed cardiac enlargement, 
marked bulgmg in the conus region, and prominent hilar vascular 
markings (flg 123a) The electrocardiogram (fig 1236) disclosed a 
cardiac rate of 100, right axis deviation, inverted T waves m leads 
II and III, slurred QRS complexes in leads I and III and notched 
complexes m lead III 

The diagnosis was chrome rheumatic endocarditis with mitral 
stenosis and insufficiency The new was further expressed that 
cardiac reserve was markedly hmited although no signs of decom- 
pensation Mere present It was considered desirable to prevent 
lecurrences of ectopic rhythm which might very readily precipitate 
congestive heart failure Quimdine sulfate was administered orally 
for this purpose On the day the administration of this drug was 
started, the patient received three doses of 3 grains (0 2 gra ) 
on tlie following day, she received four doses of 4 grains (0 26 gm ) 
each The pulse rale dropped to 80 beats per minute and the patient 
seemed quite comfortable At 3 a m on the following day, that is, 
five hours after the last dose of qumidine was admimstered, gasping 
sounds attracted the attention of the nurse on duty The nuree 
rushed to the patient’s room but the patient died in a few seconds 

Necropsy revealed that the heart weighed 322 gm The right 
ventricle was h'^qiertrophied and dilated The mitral valve was 
thickened and fibrosed along the free edge As a result, the pre- 
liminary impression at necropsy was that there was an associated 
mitral endocarditis and that the findings fulfilled the critena for a 
diagnosis of Lutcrabacher’s disease Further studies revealed, how- 
ever, that there was no significant shortening or fusion of the 
chordae tendmeae The mitral valve was 8 3 cm in diameter The 
tricuspid valve m as dilated The patient had a patent foramen ovale 
which was 3 3 cm m diameter. 


Case 3 IS an example of atrial septal defect that caused a 
disturbance of cardiac rhythm which probably Avas the imme- 
diate cause of death The exact type of arrhythmia Avas not 
determined but since the A^entricular rate Avas 160 per minute 
one can be reasonably certam that it Avas an ectopic rhythm 
The patient aa as only 24 years old and the thickenmg of the 
free edge of the leaflets of the mitral A’^alve Avas suggestive of 
rheumatic endocarditis but microscopic exammation failed to 
corroborate this impression It is probable that the incidence 
of Lutcmbacher’s disease has been behcA’^ed to be higher than 
it actually is, because of similar findings in cases of atrial 
septal defect 
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Case 4 — Atrial septal deject complicated by cerebral abscess 


This case has been reported previously by Ingham and by Gates 
Rogers and Edwards The patient m this case was a woman who 
first was brought to the Climo m 1916, at the age of 19 years because 
of nervousness tachycardia, ‘marked dj'spnea and palpitation on 
exertion constant headache and loss of strength She had been 
conflned to bed for three weeks previously and she ivas in a wheel 
cliair when she first was observed at the Chmo. When she ivas a 
young child, her parents had been told that her heart was twice its 
normal sise 

Her lips and fingers were cyanotic This condition nas said to 
have been present amce birth Rocntgenograpliie examination dis 
closed enlargement of the heart and fullness in the region of the 
pulmonary conus The cardiac rate was rapid The second pulmonic 
sound was markedly accentuated but no murmur could be detected 
A diagnosis of hyperthyroidism was considered but the presence of 
this condition ivas ruled out. The terra “neurotic temperament’ 
was used in the chmcal record Tlio erj-tbrocyte count was more ' 
than 5,000,000 on two occasions 

These findings were interpreted ns indicative of congemtal heart 
disease but no opinion was expressed as to the t)pe It n as apparent 
from tlio record that the disabihty was considered to be somewhat 
out of proportion to the physical iindmgs and she was encouraged 
to resume nolisuty 


She was not seen agmn at tlie Chmc until about eighteen years 
later As far ns her cardiac syraptoms were considered she bad got 
along extraordinunly well in the meantime She had been able to do 
housework and oxpcnonccd only mild palpitation on exertion. At 
tins time, she was described as being poorly dei-eloped and under- 
nourished There was shght cyanosis of the bps and fingers The 
heart was described as moderately enlarged aud haMng the con- 
figunilion of a h^ with disease of the mitral y^ie AuscultaUon 
disclosed a so t basal systohe murmur and narked accentuation of 
Uie se^nd pulmonic sound Tliere was no clabbmg of the fingere or 
loj TTio V aluo for the hemoglobin was 17.3 gm^ 100 cc ofbl3 
and the erythrocyte count was 5030 000 ^ 

"7“ ™ s a" 

dllmn "Wg^'' hiilitS 
hemianopsia had de\doixd^/^!l”'* 

Eneephalography <hd ^ 

hemisphere A |?fimL™ J!T^' ‘b" 

P re A ten subtemporal decompression res coled a "r- ■- 
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white exudate along the cortical vessels The nature of the under- 
l>Tng pathologic change was not determined After temporary 
improvement, her physical condition became steadily worse and 
she died two weeks after the operation was performed 

Necropsy disclosed a sohtary abscess m the left temporopanetal 
region Her heart neighed 310 gm (normal iveight is 250 gm) 
Necropsy also disclosed a moderate degree of hypertrophy of the 
right ventricle The pulmonary artenes were dilated owing to the 
presence of advanced arteriosclerosis The foramen ovale was patent 
and measured 2 by 3 cm There was no endence of subacute bac- 
terial endocarditis 


I 


II 


III 


Fig 124- — Right UAis dcwalion, T wave of low amplitude and diphasic 1 
wo-vcs m leads II and III in case 4 

The occurrence of a sohtary abscess of the brain in associ- 
ation ivith congemtal heart disease was reported as early as 
1814 An analysis of the cases reported in the hterature 
reveals that abscess of the brain can occur whenever there 
IS a congenital anomaly which allows recirculation of the 
venous blood in the systemic circulation ® It is assumed that 
the pulmonary circulation normally filters out orgamsms 
'uliich may be circulating m the blood stream 

The development of the abscess of the bram m case 4 is m 
keeping inth certain other chmcal features noted as early as 
the patient’s first exammation at the Clmic, namely, the 
presence of mild cyanosis and polycythemia, which indicated 
some degree of venous arterial shunt, which is usually not a 
feature of atrial septal defect until decompensation of the 
right xentncle occurs It is quite remarkable that, despite 
these features, congestive heart failure never developed dur- 
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mg the tTventy years that she hved after the ongmal ohserva- 
tions were made at the dime 

The anatomic and physiologic arrangement present m this 
case might very well explam how paradovical embolism ma> 
occur m cases m which there is a > enous arterial shunt. 

Case 5 — Alrial septal defect complicated by rheumatic mitral 
stenosis (Lulembacher s syndrome) auricular fibrillation and con- 
gestive heart failure, sudden death 

A man 50 jears of age, came to tho Clime in 1941 and was 
admitted to a hospital because of * a dropsical condition and rapid 
heart beat’ There was no deCmte history of rheumatic feier 
Between 1925 and 1931, he had had four attacks of rapid, irregular 
heart action, each of whicli had lasted onlj from fifteen to twenty 
minutes Subsequent attacks hod occurred more frequentlj and had 
lasted for from several hours to fifteen hours During these parox- 
ysms of tachycardia, he had become very dyspneic a sjunplom 
which, however, had disappeared after restoration of normal cardiac 
action Ho had taken digitalis at various lunos but he had not taken 
this drug after 1936 Since 1931, the patient had been taking quin 
idme in varjing doses During the four months before the patient 
came to tho Chmc he had been taking from 20 to 30 grams (1 3 
to 2 gm ) of tins drug dad) because the paroxysms of tacbvcardia 
hod increased in frequency and duration Edema of the ankles first 
had occurred in the spring of 1941 but it had not increased oppreoi 
ably untd two weeks before the patient came to the Chmc 

Physical oxunimation revealed advanced cardiac dccompcnsa 
tion ascites peripheral edema engorgement of tlic liver and rales 
at tho bases of both lungs The heart extended 2 cm to the left of 
tlio nipple line, and the auricles vrero fibnlloting rapidly Tlie first 
mitral sound was described ns sharp ' 

Tho blood pressure was appronmatcly 100 mm systolic and 80 
mm diastolic Tlio crylhrocvle count was 3,920,000 and tlio 
leukocyte count was 4 000 The value for tho hemoglobin was 11 7 
gm per 100 cc of blood A routine flocculation test did not disclose 
any ovndcnco of syphilis nocnlgcnograpfaic examination of the 
thorax revealed that the heart extended 11 cm to the right of the 
midsternal line and 12 cm to the left (fig ISSa) 'Ilicrc ii ns evidence 
of marked congestion in both sides of the thorax An electrocardio- 
gram drsclosed a cardiac rale of 131 aunculnr fihnllntlon impaired 
vcntncular conduction QB,? complexes of 0 1 6 second iso-elcctnc 
T waves in lead 1 Invarted T waves in leads II and III OBS com- 
plexes of low amplitude in lends I II and III iiivertcdT waves and 
an al^ncc of S waves in lead CBn and mdefimto T waves and QBS 
complexes of low amplitude in lead CR, (fig^ 1256) 



f''''nessof tLcpuI,^nlo"cSiTMdTl^^ pulmonary congest 

Irocordiogrnm showing aurirnlnr tk in case 5 b, E 

(QRS complex of 0 16 seconds rJlnlion, impaired \entncular conduct 
■n leads Illd in. ^ in\ erted T wa 

CRi (case 5) c Interior oM inverted T wave in I 

foranien ovale (case 5) The m 'entricle showing a pat 

of the mitral chordae ^ shortening, fusion and lliirLen 
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The consultant made a diagnosis of chrome rheumatic endocardi- 
tis iTith mitral stenosis and insufficiency Under the usual thera- 
peutic program, nbich mcluded digitalization and the administration 
of diuretics the patient appeared to be resjionding satisfaotoril\ 
but he died suddenly on the mnth day after his admission to the 
hospital 

Necropsy disclosed that the heart weighed 740 gm (normal weight 
IS 270 gm ) The right Aentncle and nght aunclc were estrcmelj 
dilated but the left ventricle and left auricle were only shghtly 
dilated The rings of the pulmomc and tricuspid vahes were 
widely dilated, as was the pulmonaiy artery itself There was an 
interauncular commumcation representmg a patent foramen oialc 
which was 5 5 cm in diameter Examination of the mitral laho 
revealed chronic rheumatic endocarditis moderate thickening and 
fusion of the valve leaflets and thickemng sliorlcmng and ad 
herenco of the chordae tendinoae, a picture that is l>'pical of mitral 
stenosis (Cg 125c) 

Case 5 18 a true example of Lutcmhachers sjTidrome 
because the auncular septal defect was large and the exist- 
ence of mitral stenosis was confirmed pathologically Tlio 
cluneal course was undoubtcdlj mfiuenccd hy tJic presence 
of rheumatic heart disease Auricular fibnilnlion at first 
occurred paroxysmally hut it eventually liecame permanent 
The mode of death, however was more characlenstic of 
atnal septal defect than of mitral stenosis since it is quite 
unusual for a patient who has rheumatic mitral disease to 
die durmg tlio first episode of congestive heart failure m 
which adequate treatment is being employed 

GFJvTJtAI CXIVISIENT 

Among congcmtal cardiac anomalies tlie incidence of atnal 
septal defects is rntlicr liigh even if one excludes cases in 
which the opemng in the mtcratnnl septum is mcrclv large 
enough to permit the insertion of a probe and cases in which 
the opemng is too small to produce secondary elfccts A re 
view of 133 cases of all types of congenital nnoninlics of Uic 
heart and great vessels in which the patients vicre observed 
at the Clime has revealed 25 cases in which there was an 
atnal septal defect that was large enough to produce synip- 
tonis In 10 of the 25 cases llic patients were females nedfortl 
Papp and Parkinson reported a sencs of 53 similar cases and 
said that 40 of tlic 53 patients were females 

Tlie diagnostic rntena nnd clinical vanations of atnal 
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liave been outlined and need no further com- 

prognostic trends are not 
particularly rehahle or easy to define, which is a feature 

anomahes The de- 

andrC^H^ of certain comphcations is quite unpredictable and 
sudden death IS not uncommon Nevertheless, many such 

unrelated diseases at an advanced age The hfe 

25 cases was as follows 
wL ? seven yeais. two 

m7n r decade, four, mto the fourth decade, t™, 

into the fflth decade, five, into the sixth decade, four, mto 

the seventh decade of hfe, while three reached the age of 
70 years or more ° 

intrV^ °4 there was evidence of unpaired 

rpTim^ pH 4 conduction m 3 of the 5 cases that have been 
an ahnn ^ u ^ pupcr Bedford, Papp and Parkinson found 
the y wide QRS complex m approximately half of 

abnnrmaH^^ ch they reported This electrocardiographic 

considered to be of some un- 
ties of the hetrt diagnosis of congemtal abnormali- 

of ^^^®®^'"utive and conventional types 

^i^tTSpV . / 7 «^nal septal defLf. 

surmcal p]nc ^ ^ utrial septum will one day lend itself to 

ontimjtsif'p prove to be more than an over- 

nfake such techmcal difficulties which 

make such a procedure impossible today 
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VARIATIONS IN THE CLINICAL AND PATHOLOGIC 
PICTURE OF PATENT DUCTUS ARTERIOSUS 
HoflABD B BimCHELL 

The successful surgical treatment of patent ductus arte- 
riosus over the past decade has focused attention upon the 
common chmcal picture of this congemtal lesion The stereo- 
typed syndrome of a continuous artenovenous type of murmur 
and thrill, a wide pulse pressure and collapsmg pulse, ivith 
roentgenographic and electrocardiographic evidence that is 
consistent with shght to moderate left vcntncular enlarge- 
ment, IS well recognised In a child the chances that such a 
combination of findmgs would be caused bj some lesion other 
than a patent ductus artenosus, such as a defect m the truncus 
septum or an mtrathoracic congenital arlenoi enous fistula, 
would be 1 eiy slight. 

However, in addition to the common, or typical, picture 
of a patent ductus arteriosus, there are certain at^pIcol cases 
in which the secondary cfTects of the patent ductus often 
chmcaUy outshadov the prmiary physiologic fault Tlus fact 
together mth the interest any chnician will ha\e m tlie func- 
tion of a patent ductus when it is associated ^vlth other con- 
gemtal defects, creates a large field for diagnostic endeai ors 
and chmcal m\csligalion8 Indeed, to carry out a study on 
patent ductus artenosus from the stage of embryologic dc\cl- 
opincnt through the penod of priinary circulatory aberrations 
and their related anatomic adjustments to the stage of late 
pathologic changes iiould prepare one most thoroiiglih for 
most of the problems in cardiology 

Perhaps the rather constant position of the ductus arte 
nosus on the left side as a representation of the embryonic 
left pnlnionan arcli o%cn when there is a right aortic arcli, 
could lie related to embrvonic scnlricular directional cjeelioii 
The ductus artenosus nin\ he rcsjionsiblc for a right aorta 
coniuionN crossing hchiiid the trachea and esophagus to pass 
down the thorax on the left side Tlius, one niiglit susjiect 
that a right aortic arch that did descend on the nglit side of 
the thorax and was associated with a nght ductus artenosus 
would he coinmoiiK associated with a seven iiitnicardinc 
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defect, particularly a defect m the partition of the truncus 
septum, resulting m pulmonary stenosis A bilateral duclus 
arteriosus has been reported m association with a severe mtra- 
cardiac anomaly and is mentioned as a medical cunosity “ 
In the realm of acyanotic heart disease, however, one might 
expect to find sometimes a patent left-sided ductus associated 
with a right aortic arch, with a left subclavian artery ansmg 
from the dorsal aorta but without any associated mtracardiac 
defect, and it might be possible to recogmze such a lesion 
chmcaUy Such an anomaly has been reported (fig 126) The 



Fig 126 — A reproduction illustrating a left ductus arteriosus in association 
mth a right aortic arch and an anomalous left subclavian artery The latter, 
in its proximal portion represents persistence of the dorsal piortion of the left 
fourth arch (From Quoin, Richard The anatomy of the arteries of the human 
body and its applications to pathology and operative surgery, with a senes of 
lithographic drawings London, Taylor & Walton, 1844, 550 pp ) 

nurror picture of such a lesion, that is, a nght-sided hga- 
mentum artenosum and right descendmg thoracic aorlR 
associated Rath a left aortic arch, has been observed m 1 case 
in R Inch the lesion was studied m detail by EdR ards ® 

A persistent patency of the ductus arteriosus m cases of 
coarctation of the aorta in childhood is not rare, the duclus 
being either proximal or distal to the aortic stneture ^^^len 
the ductus is proximal, the physiologic effect is similar but 
accentuated, as in uncompheated ductus, but when the duclus 
is distal to the coarctation the circulatory' dynamics are pro- 
foundly altered 
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WTule in older patients with coarctation a basal diastobc 
murmur is usually mdicalive of on insufficient bicuspid aortic 
valve, in children such a murmnr should make one suspect 
the presence of a small patent ductus proximal to the stnc- 
ture When the diagnosis of ductus artenosus is made m 
children the routme examination for tlie abdominal and 
femoral pulses should ne\er bo neglected 
Atresia or marked stncture of the aorta provmial to a 
iiidely patent ductus, the so-called infantile type of coarcta- 
tion, produces an mtereslmg physiologic condition, the circu- 
lation hanng a basic resemblance to that of an aUigator, in 
winch 1 of the 2 aortac arises from the nght \cntricle to 
distribute \enoua blood to the left upper extremity and loner 
part of the body In a recently obson ed gul, 7 y ears of age, of 
normal development and good exercise tolerance a coarctation 
and patent ductus artenosus were present and, cunously , also 
a murmur of the ductus type No cyanosis of tlio feel could bo 
detected on repeated oxaminalion Ilescction of the aorta 
mill ligation of the ductus was adnsed and tins was carricfl 
out by Dr 0 T Clagell of the Dmsion of Surgery' Unfortu- 
nately, tile cluld died fourteen days postoperatn ely from 
comphcations The heart weighed 250 gni , compared to a 
predicted normal weight of 85 gm mid the nght I'entncle 
was tremendously hypertrophied It would appear that oper- 
ation m such cases os tins should bo performed os early os 
technically possible as it is doubtful that sucli a heart ns this 
cluld had could c\cr have returned to normal 
The natural histon of a patent ductus artenosus may pro 
ceed m xanoua wavs The question whether a ductus arte- 
nosus may spontaneously close after being patent for some 
montlis or years cannot lie dcCmteli ansivered There arc 
isolated chiucnl reports” ” that strongh indicate that llio 
ducliis max close after the first xcar of life hut tbere is a 
paucity of histologic CMdcnce to substantiate such a mow 
In a recent cose at the Clinic in wbicli ojicnition was done 
nt 3 tears of age because of increasing cardiac eiilargc- 
meul, ductus tissue was examined by Edwards* who concluded 
that the histologic appearance strongly suppcslnl progressne 
closure Sufficient cxadcnce of the possibilitx of late siion- 
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ianeous closure is available to mdicale that operation 
should not he undertaken as a purely elective procedure until 
the fourth year or later Even when a pressure gradient which 
might be thought to favor maintenance of the patency of a 
ductus exists, as m puhnonarj'^ stenosis, chmcal observat’ons 
•would indicate that the ductus may close in the later months 
of infancy Such spontaneous closure seems the best explana- 
tion of the delayed appearance of cyanosis m many cases of 
tetralog)" of Fallot, mcludmg the historic case of Sandiforl 
described in 1777 ^ 

^^Tiile, m contrast to spontaneous closure of the ductus 
arteriosus, it is not feasible to speak of enlargmg of the 
ductus, there seems to be occasionally an acquired alteration 
which would favor increased flow, and that is shortemng of 
the ductus If the pressure gradient and mtemal diameter 
of the ductus w^ere kept constant and turbulence effects were 
disregarded, the floAv should be inversely proportional to the 
length of the ductus In some patients the ductus may be 
represented only by a circular fistula bet'ween the aorta and 
the proximal part of the left pulmonary artery, a lesion Avhicli 
has been called “Aiindow ductus ” The techmcal difficulties 
of surgically closing such a ductus are obAUOus This type of 
ductus has been observed only once in 21 cases in ivhich 
autopsy was performed at the Chmc^ but occurred in 10 of 
ihe 60 fatal cases renewed by Keys and Shapiro To illus- 
trate the lesion, a figure from von Rokitansky’s book is repro- 
duced (fig 127) 

The late effects of a patent ductus artenosus are rather fre- 
quently related to the dcA’^elopment of pulmonary vascular 
changes The changes may sometimes be grossly eAudent m 
dilated atherosclerotic large arteries or they may be found 
only in the form of obstructiAm artenolar and small arlerA 
lesions Aneur^'smal dilatation of the ductus itself is exceed- 
mgl> rare Reports concermng saccular aneurysms of a large 
branch of the pulmonary arter^’’ are also rare but such lesions 
characteristically are associated Avith a patent ductus arte- 
nosus Indeed, if a saccular aneurism of a large pulmonary 
arlery is diagnosed in a young nonsyphihtic adult, a patent 
ductus arteriosus, from a practical standpoint, may be as- 
sumed to be present ® 
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The syndrome of pulmonary hypertension due to a patent 
ductus arteriosus and obstructne pulmonary vascular lesions 
has been discussed by Douglas and co-irorkers * The prob- 
abdity that a true “cyanosis tardive’’ can occur oivmg to 
reversal of flow m the ductus should he accepted, but defimte 
proof IS lacking Such proof may be forthcoming if a patient 
with a patent ductus arlenosus is found m vhom the pressure 



Fiff 127 — Fistulous or window t>T>e of duclu# nrlcrlo^u:* (a) Tb« pnllent 
woB 23 ycnrB of opo nnd died fitnn conp03lj\*e heart failuro oiwxialcti with 
CTTonosiB. A continuous niumiur had been noted in the clinical records (From 
N-on Ilokilnnsky Cnrl Ubher cinipe der wlchlipstcn Kronkheiten dor Arterien 
Wen StantiMJnickerel lflo2 72 pp ) 

in the piilmoimrj arlcrv exceeds that in the sx-slciiiic nrlcry 
and vhosc arlenal oxxgcii saturation is sulmorninl espocialh 
if the salunition lc\cl in the sample from Uic femoral nrlcrx is 
lower than that of the sample from the nglil radial arlerx 
It max he emphasirod that rcxcrsal of flow might lie con 
sidcrnhle without recognizable cxanosis (Ins clinical sign 
licnig absent with significant degrees of arterial dcsntiinilion 
As a commcntnrx on tlic cfTect of tradition in mcdicmi il 1 h 
odd that there is the tendency to use cxanosis as a elmifiil 
indication of subiiominl nrtcnnl liemoglobm unsntiinitloa In 
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congenital heart disease m spite of the fact that the unre- 
habihty of blueness as an indication of artenal hypoxemia 
has been emphasized to hundreds of flight surgeons and 
thousands of flymg personnel 
Another lesion of the pulmonary artery is subacute bac- 
tenal endartentis in ivhich pulmonary symptoms and signs 
may sometimes dommate the chmcal picture There is some 
difference of opimon as to the proper time for surgical treat- 
ment From the mtermsts’ point of view, it would seem better, 
if the infecting orgamsm is pemcdhn-sensitive, to treat the 
two conditions separately, treatmg the infection hke sub- 
acute bacterial endocarditis, then later giving surgical treat- 
ment for the ductus The ultimate answer to the problem will 
have to come from the surgeon, the answer depending upon 
whether an actively infected ductus and the general effects 
of the infection on the patient or scarred ductus and periductal 
tissue constitutes the greater nsk Undoubtedly, lesions recog- 
mzed ver^^ early may be subjected to surgical treatment early , 
m cases in which the diagnosis is made late, considerable pre- 
operative therapy is mdicaled Until the surgical technical 
difficulties can be further determined, the situation is much as 
analyzed by Vessel and Khoss 

In contrast to the chmcal course of patency of the ductus 
arteriosus in relation to pulmonary hypertension and pul- 
inonarj'^ Amscular changes, there may occur only evidence of 
prolonged work load on the left x’^entncle, with progressive 
dilatation and h^’pertrophy of this chamber In such instances 
as this, the heart on postmortem exammation resembles the 
heart of hypertension and if the great imssels are not available 
for examination one cannot make the distmction An mquiry 
into the possibdity that in some instances a large left ventricle 
may decrease in size, consequent to the decreased output 
that results from the decreased ductus flow related to the 
development of pulmonary hxpertension and a reduced 
aortic-pulmonary' pressure gradient, leads mainly to con- 
jecture Over a period of fifteen years in 1 patient the elec- 
trocardiographic examination gave eiudence which varied 
from that which suggested left ventricular enlargement to 
tliat wluch strongly mdicated right ventricular hypertrophy ^ 
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Such evidence is far from conclusive The left lenlncular 
endocardial fibrosis noted m 1 case has also been presented as 
some evidence that the left ventricle at one tune ivas larger 
than in the later years of life ‘ It is Itnoivn hoivei er, that a 
greatly enlarged left ventncle that is related to a patent 
ductus arteriosus sometimes may not return to nonnal size 
after surgical cure of the ductus In a patient iiho was studied 
by Dry and co-workers* and who died suddenly four and a 
half years after successful obbleralion of a ductus, the left 
ventncle was still greatl> dilated and hypertroplued The 
reversibibt^ of heart disease as related to the reiiioi al of the 
etiologic factor has i cry dclimtc hnutalions 

Two cases have been chosen to illustrate clinical problems 
the solution of n hich is not completelv evideni 

IIXUSTlUVnVE CASES 

Case 1 — ^An infont bom a few weeks prcmolurclj weighed 5 
pounds (2 3 kg ) A loud basal sjslolic munmir was noted on the 
day of birth and cardiac enlargement was ei idenl in the roentgeno- 
gram made on the thud da) (dg 128) No 0 )nnosis was Cl er present 
and the murmur remained the same in numerous etaminations 
throughout the period of forty-two dn)8 the child Incd Congenital 
cataracts were present but there were no otiicr anomalies Tliero 
was no hislor} of maternal illness in the first trimester of prcgnanc\ 
The child was brought back to the liospitnl because of a feeding 
problem and died suddcnl) 

On postmortem cxaminolion the heart weighed 3-t gni which was 
approximate!) twice the predicted norinal weight and there was a 
indcl) patent thin walled ductus arteriosus (fig ]2Cd) Under the 
nght anterior aortic cusp was an ancur)'sinnl bulging of the mem- 
branous portion of the iciilricular septum but no opemng Tlierc 
was a small shtlikc patcnc) of the foramen oi-alc Proximal to the 
ductus the aorta showed tlio normal degree of narrowing that is 
seen in young infants The coronary icsscls arose from the aorta 
in a normal manner, and histologic examination of the myocardium 
reicalcd no abnormaht) 

From the pathologic ncwpoint the child in the preceding 
case died from a patent ductus nrtenosus but the exact reasons 
remain unknown The i cry earh cardiac cidargcnient suggests 
Uiat this enlargement niighl Iinic begun in ultra utennt life 
In congeiulnl heart disease the \anous fnetors that stem 
responsible for cardiac Inperlrophy arc obstnictions of Iht 
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aortic or pulmonary onQces, greatly increased output of 
either one or both ventricles through recirculation of blood 
in one or both systems, and extremely Ioav oxygen tension of 
the coronar^^ blood Since, on histologic study of the lungs, 
there was no evidence of pulmonar^^ vascular abnormahty 
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lliirtfeth"^da^°nrip? ’~^°‘^”[6enogranis made on, a, tlio third dn>, and b, Uic 
cnlnrfremcnt r VI * showing the generalized and progrcssiie cardiac 
a1;c”sho postnatal da> d, Gro. 
lenlricles of the heart'’ and enlargement of both 

^ ’'"entricles n ere of equal size and the foramen 
Tcinl oT shthke patency, it may be assumed that the 

ilni normal in type It seems most unlikeh 

nnl V ^ ^cental blood flow ai as inadequate and caused 

flint best explanation seems to be 

the durfuQ ttilure resulted from persistent patency of 
the ductus arteriosus m a manner smilar to that in Avluch 
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rapid heart fadure occurs in animals ivith large evpennientall) 
produced artenoi enous hslulas How such a condition as 
occurred in this case could be diagnosed -witli sufficient ac- 
curacj , at the age at which the patient was seen, to justify 
reference for surgical therapj is a difficult problem It may 
be mentioned that persistent patency of the ductus artenosus 
seems umquelj common among the defects of the heart fol- 
lowmg maternal rubella” and such an association might be 
suggestive clmicall> of the diagnosis The infant was prema- 
ture but there is no endcnce that prematuritj of birth itself 
fai ors persistent patencj of the ductus artenosus * 

Case 2 — A boy aged 9 years had been referred to n nniiersilN 
center gome years pronously with a diagnosis of patent ductus 
artenosus The climcal diagnosis apparently bad been agreed upon 
but tbo parents decided against operation because of the nsk, as 
the child iras completely asymptomatic. At the tunc of his examina- 
tion at the CUmc, tliere was no continuous munnur and no 
collapsing pulse A basal SNstobc murmur of moderate intcnsilx 
was present and a faint, early diastobo murmur was beard inter 
mittently The blood pressure was 100 systolic and 50 diastolic 
expressed in milhmctcrs of mcrcurx The clecirocartliogmm showed 
nglit axis denation Ilocntgcnologic study rciealed a prominent 
shndow of the pulmonary nrtoo nnd incrcnsed hilar pulsations 
(fig 129) It «as suspected chmcally that the child had an ntnal 
septal defect Cardiac cntholenration rc>calcd pulmoiiarv hyper- 
tension nnd nrtenalizaliou of thexenous blood nboxe the pulmonary 
xolxo on this cndciice the diagnosis of ductus artenosus was made 
(table 1) 

In the precedmg case Uie ductus flow w ns small compared to 
that frequently found bx Eppingernad co-xxorkcrs"’bul itxvas 
of considemblo magnitude in xiew of the slight gradient of 
pressure across tlic ductus and the age of the child That pres 
sure in tlie pulmonnrx nrterx max be normal in tlie presence 
of n large ductus has been conllniied in unpublislicd pre- 
opcmtixe cardiac cathclcn/ntion studies made m the CImic 
cnrdiox nsculnr Inlwratones under the direction of Dr Enrl 
Wood 

The preceding cases tniplinsirc that the nnmiiur of n pn- ^ 
lent ductus max lie onlx sxslohc ni time and rather non- 
speciflc in nature Hus scenm partirulnrK Inic in nifanls i 
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young children Gross has mentioned that he has not oper- 
ated upon anyone ivith nght axis deviation, however, as 
emphasized by the last case, this criterion for diagnosis should 
not be absolute All patients who have atypical lesions ivill 
need special mvestigation by means of catheterization of the 
right side of the heart to establish the diagnosis with sufficient 



Fig 129 (Case 2) — a. Nolo the prominent shadow of the pulmonary artery and 
hilar markings b. Right axis do\uation is shown 

certainty to justify surgical treatment, the lesions usually to 
be excluded being atrial and ventricular septal defects 

If a patent ductus arteriosus should be found to exist along 
mill an intracardiac lesion it is generally considered non- 
surgical, but vuLh an associated small ventricular or aimcular 
septal defect, surgical treatment of the ductus should be 
undertaken if the arterial blood is normally saturated ivith 
oxygen, if It retams normal saturation Rath exercise and if 
catheterization of the pulmonary artery has been readily 
accomphshed 

Dexter and co-r orkers^ r ere among the first to emphasize 
llie diagnostic yalue of catheterization of llie right side of the 


PATENT DUCTUS ARTERIOSUS 


921 


heart in congenital heart disease l^Tien technically successful 
this method has gii en a relatn ely exact method of determin- 
ing the nature of congemtal cardiac defects, ivhich together 
with angiocardiography, is an improi ement on the prenous 
methods of comparing cases on the basis of reasomng and 
statistical probaLihties 

TABLE 1 

EssEimAi. Data Obtaxned ox CAnorAC CAHiETEniXATTOx nr Case 2* 



Oxygen 
Saturation 
per cent 

Pressure mnu 
of mercury 

S^wlobc 

Diastolic 

Right aurlcla 

64 1 

1 

8 

1 

night N’entrfcle 

68 

108 

10 

Left pulmonary artery * 

85 

108 

i 61 

Right pnlnionary artery 

1 77 

113 

59 


Calcolated \‘oIum€ of ductos floir 2.31 bton per minute (opproximately half 
that of Icfl -v'entHcuUr output) 


• The diflerenco in oxygon content of riffht auncJo and nght >*entricJe la of 
borderline eJgiUOconce tochnlcalJy but It was a conabtenl CndiDf* In 2 samplin#;* 
tal(on from cocli cbamber (bus indlcnUng a alight pulmonary insuIDcieTKiy 
Tbe finding U consistent irith the Gr«t clinical mtrrprelation oftbesofl diastolic 
murmur that was beard Tbe oxygen dllTercDce between the 2 pulmonary 
artoric* amounting to 1 3 >olDmes per cent. Is quite algnlQcant and If tbe 
oxy’gcn content of the blood In tiie left polinonary niicry were used calcuIetJcm 
of lie shunt would giv-o a s-aloe approxiraatelj 15 per cent higber than when 
the mean of the contents of the 2 pulmonary orlenes Is used. Tbe presjurrs 
were obtained by strain gauge manometers and pbotograplilc recording after 
the mrllmd of Lambert and ood. Blood In the radiol artery was 98 per cent 
saturated The systemic pressure unfortunately was not measured during the 
period of the recording of the pressure In tbe pulmonary arteries. 

CONCLUSIONS 

A 

\MiiIe m the usual case of ductus nrtenosus tlio clmical 
syndrome rondilj permits a diagnosis, in otlier coses an 
atypical picture is presented in which the deielopmcnl of 
pulmonary hxpertension dominates the picture 

The characteristic conlimious murmur may he absent in 
cases of potent ductus nrtenosus particularly dunng infancy 
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or after the development of pulmonary hypertension or m the 
presence of heart failure 

Attention has been drawn to the irreversible changes that 
may occur m the pulmonary vascular tree or m a hypertro- 
phied left ventricle Avhich may hunt the completeness of the 
surgical cure if surgical treatment has been long delayed 
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ANOMALIES OF THE DERIVATIVES OF THE AORTIC 
ARCH SYSTEM 
Jesse E Edwabds 

It is kno>vn that certain vascular anomahes resulting from 
maldevelopment of the den values of the aortic arch system 
may be responsible for symptoms resulting from compression 
of either the trachea or the esophagus The sjTnptoms, physi- 
cal signs, roentgenographic features and surgical therap> have 
been the subjects of manj articles The symptoms lary con- 
siderably In some mstances no symptoms may be present 
durmg a full lifetime *•" ” “In other instances symptoms 
may be noticed at birth or shortly thereafter 
WTien thej appear at tins early time of hfe, mamfestations 
of respiratoiy mxohemcnt usually overshadow those of 
esophageal malfunction, although the reverse maj be true 
In the non bom symptoms include cough inspiratory and 
expiratory stndor intercostal and suprasternal rclrocfion 
with inspiration and altacks of cjanosis which may be pre- 
cipitated by ingestion of food Regurgitation may follow in- 
gestion of food, and dimhingmay lie associated with apparent 
iscomfort. Tlierc is a lendencv toward puhnonary infection 
Tlie symptoms cited are sometimes allributed to an enlarged 
Ihymius and since roentgenographic examination of the thorax 
may reveal a widened mediastinal shadow, consistent vnth 
an enlarged thymus, flic initial impression may lx: that an 
enlarged thymus is the hnsis for the infant’s diflicultics So 
strongly may tlie diagnosis of enlarged thymus be enlcrtnined 
that It IS not unconmion for radiation to he npphed m an effort 
to slinnk the tliymus This prov cs of no avail Unless surgical 
measures are emplovcd to correct those vascular anomalies 
causing pronounced symptoms it is coiniiion for the infant 
to die of pulmonary infection 

Tlie clinical impression that some sort of vascular anomaly 
IS responsible for the syaiplonis may lie gained from hron- 
tlioscopic cxaminntion which mnv reveal a rone of tmcheal 
nnrrovvmg It is usiiallv simpler and more advisable to ad- 
numstcr a small amount of hnnum and to visunhre the csopln- 
gus rocnlgcnograplncally A zone of roastnction of the 
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esophagus in the upper thoracic region will usually he readily 
evident and will lead the physician to the correct interpreta- 
tion as to the basis for the symptoms If no symptoms occur 
during infancy, the patient may never suffer as a result of his 
vascular abnormahty On the other hand, symptoms may first 
become eindent later in life ®’® As a result of agmg 

changes ivhich cause dilatation of the aorta and its branches, 
anomahes which produced no symptoms dunng infancy or 
childhood may become troublesome during adult life, espe- 
cially durmg advancmg age When symptoms first appear m 
adult life they are usually m the form of persistent cough, 
dysphagia and rarely, hoarseness 

The exact anatomic nature of the vascular anomaly can 
frequently be ascertamed by the apphcation of several roent- 
genographic technics and critena These have been de- 
scribed 3 18,20.20,33 34 40,42 43,46 jg ^}jg pUTpOSB of tlUS 

commumcation to consider these to any extent 

Knowledge concermng the configuration of the vanous 
anomahes of the aortic arch derivatives is important to the 
chmcian, to the roentgenologist and to the surgeon who treat 
patients who have symptoms attributable to these anomahes 
To the chmcian and roentgenologist, this knowledge may he 
used to advantage m evaluating the findmgs m cases m which 
symptoms may result from the presence of vascular anomahes 
To the surgeon, reahzation of the possible vascular configura- 
tions winch may mterfere with the function of either the 
esophagus or the trachea inll serve as a guide, while exqilormg 
the region of the aortic arch, m determimng the exact nature 
of the anomaly m a given case This determmation will serve 
to guide the surgeon to perform those procedures most suitable 
for the correction of the condition or for the rehef of symptoms 
resulting from it 

The pnmarj^ purpose of this commumcation is to describe 
and to illustrate* those anomalies of the derivatives of the 

• I am indebted to Xlr Russell L, Drake for the preparation of the illustra- 
tions It IS to be emphasized that these are diagrammatic representations. At 
times il ^as neccssarj to make minor modifications of relations in order that 
ll e salient features of a gi\en condition could be brought out in one illustration 
For the preparation of the illustrations of those anomahes irhich ha'' c been 
reported, use has been made of the author’s personal experience and of lUus- 
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aortic arcii sj'stem which may interfere mth the function of 
either the esophagus or the trachea The subjects of persistent 
patent ductus artenosus and coarctation of the aorta are not 
mcluded The maiont> of the anomalous configurations to be 
presented have been described To these will be added sei eral 
configurations which, as far as the author knows, hate not 
been reported Yet these stand out as distinct possfluhties 
Consequentlj , they will be mdnded as hypothetical forms 
This IS done tnth the hope that when they are encountered, 
they wiU be understood and not be tuewed tnth undue sur- 
prise Furthermore, it is hoped that whosoeter observes these 
hj’pothetical possibdities will be stimulated to place them on 
record in order that the hterature maj contain a more com- 
prehensu e accumulation of this group of anomalies 

In discussions such as this it is customary to employ the 
standard Rathke diagram of the six aortic arches in cxplaimng 
the developmental basis for the vanous aortic arch anomalies 
and m relating the >anous types to each other WTule llus 
approach is perfectly logical and correct, the reader, noierthe- 
less, IS likely to be somewhat confused The reason for this is 
explained by 8e\ oral factors Not only do a number of struc- 
tures of the pnmitne aortic arcli sxstem disappear, but there 
are important alleralions m the shape of the aortic arch pat- 
tern Tins results from the fact that while some portions of 
the pnmitiic arterial pattern grow in ecpial proportion to the 
growth of the body , otlier portions grow relatii ely little mth 
respect to the growth of the body as a nhole Tins produces 
distortions of the basic diagram of SIX arches Morcoxcr tliere 
are important shifts m the relatnc situation of the suhclaiian 
artencs to that of tlic six aortic arches (ducti artcnosi) Thus 
in the basic diagram of the six aortic arches, which is custom- 
arily employed, the subclannn artencs he caudnd to the 
sixth arches het by the time of birth important differences 
in tlie rates of growth of tlic portions of llie aortic arch s\ stem 
result in tlie presence of the subcloMnii artencs in a cephnlad 
position with respect to the sixth aortic arches 

I feel that a better understanding of tlio relationship of 

trallon^ In •iKrh trork* «• of Halford Qosln Tottmt Abbott Tbomvtn * 

IloUapftfb Kopv;b Pojnter Arlln Molrnan Gro**^ aod oUicr* 
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the aortic arch anomahes, from a developmental pomt of view 
and with respect to each other, can be had by an approach 
other than the emplo^nment of the basic primitive and dia- 
grammatic SIX arch pattern. It seems best to employ, as the 
basic pattern, an anomaly which, while it contams the essen- 
tial features of the primitive aortic arch pattern, has as well 
gone through the grow^ adjustments that take place m all 
persons 

For this reason, the anomaly known as the functioning 
double aortic arch is chosen as the basic pattern To fulfill 
completely the Ime of reasonmg, this anomaly should contain 
right and left ducti artenosi but usually only one ductus 
arteriosus is present The one adjustment that the reader must 
make is to reahze that the functionmg double aortic arch 
represents ivith one exception the primitive aortic arch pat- 
tern, m which growth adjustments have taken place The 
one exception is that one of the sixth aortic arches has largely 
disappeared 

In my opimon, malformations of the aortic arch derivatives 
may be divided mto two groups dependmg upon whether 
the ductus artenosus* takes its ongm from the left pulmonar)' 
artery or from the right pulmonary artery Arbitrarily, m 
cases m which the ductus arteriosus arises from the left pul- 
monaiy artery' the anomahes are classified under Group I 
while m cases m ivluch the ductus artenosus takes its ongm 
from the right pulmonary' arterj' the anomahes are placed in 
Group II Group I is by far the larger of the two Although 
exceptions to the rule occur, the upper portion of the de- 
scendmg aorta lies on that side of the body on which the 
ductus arteriosus is found 

In those cases m which the upper portion of the descendmg 
aorta hes on the right side, the low er portion of the descendmg 
aorta crosses to the left at about the level of the body of the 
eighth or nmth thoracic vertebra to lea-v e the thorax through 
the aortic hiatus 


* The term "ductus artenosus” \nll be used interchangeably 'snth the 
term “lignmentuni artenosum ” Patencj of the ductus artenosus is not an 
essential part of the anomalies to be considered although it maj be encountered, 
addiLionall> 
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GROUP I UEFT-SIDED DUCTUS ARTERIOSUS AM) LEFT-SIDED 
DESCENDING AORTA 

A Functioning Double Aortic Arch — The double 
aortic arch has the following charactenstics The ascending 
aorta anses normally from the left ^ entncle and then dindes 
mto two arches, a left and a right. The left or so-called antenor 
arch follows closely the course of the normal aortic arch It 
passes m front of tlie trachea and over the left major bronchus 
to jom the dcscendmg aorta which hes on the left side of the 
body The right or so-called posterior arch passes over the 
right major bronchus and then turns rather abruptly to 
the left behind the esophagus and m front of the v ertehral 
column It joins tlie left arch cither to the left of or hehmd 
the esophagus at the pomt at ■nhich the latter arcli joins tlie 
descending aorta The branches of the aortic arches are sjun- 
metncallj arranged The nght common carotid and the sub- 
clavian arteries arise independently m that order, from before 
backward, from the right aortic arch Sunilarlj, (ho left 
common carotid and subclavian arteries arise from the left 
arcli The ductus arteriosus is inserted mto the left arch 
between the origin of the left subclavnan arlerj, in front and 
the junction of the left and nght arches, behind The lower 
attachment of the ductus arteriosus is to the left pulmonarv 
artery (Cg 130a) 

It IS evident that m tlio case of functiomng double aortic 
arch tlie trachea and esophagus are encircled bj a vascular 
ring composed of the bifurcation of the ascending aorta in 
front, the right and the left aortic arches latcrallv, and eiLlicr 
the postenor Imib of the nght aortic arch alone or the juni- 
tion of the tvio arches helund If the vascular nag is sufli- 
cicntlj tight to compress tlic two tubes which it encircles the 
trachea is usually compressed at each side and is thus con- 
V erted into a tnangular-shapcd tube at the lev el of the arches 
The eso[ihngus is compressed from behind forward Tlie con- 
nections of the ductus artenosiis are such as to hold the 
bifurcation of the puhnonari tnink tiglitlv against tlio front 
of (ho trnclicn which increases the pressure of v cssi Is against 
tins tube, 

fills niipcan, to be particular!) true if tlie postenor jiinc- 
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Fip 130 Lejl-Sidcd Ductus Arteriosus and Descending Aorta (Group I) 
a Functioning Double Aortic Arch This is the basic pattern from which all the 
anomahes of Group I, shown in figures 130 and 131, are derned In functioning 
double aortic arch, two arches are dc^^ed from the ascending aorta The left 
pursues a course similar to that of the normal aortic arch The right arch, after 
crossing o^er the right major bronchus, deviates to the left, behind the esoph- 
agus, to join the left arch and descending aorta to the left of the midline 
Occasionally, this junction may be behind the esophagus The trachea and 
esophagus are encircled by the aorUc structures The left-sided ductus artenosus 
holds the left pulmonary artery and the bifurcation of the pulmonary tnmk 
against the anterior surface of the trachea The right and left arches arc of 
approximately equal caliber 

b Functioning Double Aortic Arch The vascular pattern is identical to that 
in figure 130a This is a more common form of functioning double arch In it the 
left arch is the more narrovr of the two 

e Partial Atresia of Double Aortic Arch In this anomaly the basic pattern 
shown in figure 130a is altered in such a wav that there is a zone of atresia of 
the left aortic arch between the origin of the left common carotid artery and 
that of the left subclavian artery Although there is no longer a functioning 
double arch, there is still a vascular ring about llie esophagus and trachea, as in 
the functionmg double aortic arch This anomaly is hypothetical 

d P^hal Atresia of Double Aortic Arch In contrast with figure 130c, the 
rone of atresia of the left aortic arch lies between the origin of the left sub- 
clavian artery and tlic aortic insertion of the ductus artenosus 



AN03ULIES OF DERIVATIVES OF AORTIC ARCH 931 



C d 

Fig 131 — L^i^Sidfd Dudtu Ar(motai and L^Sidfd Dttcendinff Aorfa 
{Group II) a. PiffhJStdfd Aorftc Arch ttUh Uetro-Etophcffcal SfQmenl and Left 
9uffrf Daeenduiff Aorta Lejl Sahclattan Artery OriginaUntf from Aortic Diw- 
licalatTU la figure 130c there waa ilfmitrated a lOno of alrcrfn m ibc left portioii 
of a double aorlkt arch The zone lay between the orlgini of the left common 
oarotfd and mjbcIaWon ortenea In that t>-pe of anomaly the ntra^ia wmj/d be 
expected to occur late in fetal life or after btrlb therefore the alrello segment 
would be still recognizable If the atresia occurs In tbo same Situation In earl> 
Intro'Uterlne life tho anomaly Illustrated In this flgtifo occur*. There li a right 
sided aortjo arch with a fetro-eaophai:cal segment ehich joins the lefl-^lded 
upper portion of tho descending aorta The left subclavlnn nrtcry arhes os thr 
fourth branch of tho aorta from a diverticulum to which Uio ductus arlenosijs 
also is attached The dlv'crllcuhiro represents tho pervious most posterior jmrt 
of a left aortic arch There Is a sascuJar ring about the Irncltea and c«ophngus 
thU ring It composed of the npht aortic oroh on the right the relro-csophagenl 
segment of the right aortic ardi behind the aortic dlierllculum and the 
ductus arteriosus on the left and the bifurcation of the puImonAry Iruni. In 
front, 

6 ftight‘Sided Aoriie Arch teilh ndn>'Ksophog(al ^meni and LrflSidrd 
Deeeendtng Aorta Left Stxbelerrian Artery Originating from Left Jnrtontxnale 
Artery This anomaly swrirs from that shown In figure 131a only In that the 
gap In the left aortic arch lies I«e(weeo the orlpn of the lefi suliclaxinn arterv 
and tbe aortic ioserlion of the doctus artmosqs Consequently tlie left suh* 
clas Ian artery arises from a lefl^sldod Innominate artrrv Tlie ductus nrtrriO'U* 
Is inserted Into a remnant of the posterior portion of the left arch whKh uroally 
appear* In Uie form of an aortic dnrrllculuni As the anomaly shown In fipire 
131o U comparable with liie one shown In figure 130c this anomaly m com 
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tion of the left and right aortic arches is behind rather than 
to the left of the esophagus In such instances there is greater 
tension upon the ductus artenosus, -which, in turn, tends to 
pull the bifurcation of the pulmonary trunk more firmly 
agamst the anterior surface of the trachea 
I . When a functiomng double aortic arch exists the two arches 
are often of unequal diameter, the right one usually is the 
wider® (fig 1306) Occasionally, the two arches may he of 
approximately equal cahber I have personally observed an 
example of this In stdl other mstances, the left arch may be 
the larger of the two This was the situation m the foUo-nnng 
case which was reported by Gordon (case 4). 

The patient was a boy, five weeks of age, whose chmcal history 
was characterized by noisy breathing which was intensified when 
the infant was lying *down or was fed Roentgenographic examina- 
tion of the thorax revealed a node mediastinal shadow which was 
first interpreted as a manifestation of an enlarged thymus Broncho- 
scopy revealed a high-grade compression stenosis of the trachea, 
at the carina, and similar compression of both main bronchi Roent- 
genologic examination of the esophagus -with barium revealed 
esophageal compression It was believed that a vascular malforma- 
tion was responsible for the chmcal features described A left 
thoracotomy disclosed a left-sided hgamentum arteriosum The 
aorta seemed to show a normal configuration, the left arch was of 
normal size and blended in a normal manner \nth the descending 
aorta, -ahich was on the left side A sudden attack of cyanosis 
occurred three days after the operation and the child died Necropsy 
revealed a double aortic arch The left arch was of normal size but 
the right arch was smaller 

parable wilh tbe one shown in ISOrf 

c Left-Sided Aortic Arch and Left-Sided Descending Aorta, Right Subclavian 
Artery Anting from the Distal Arch or from the Upper Portion of the Descending 
Aorta If the right portion of the double arch shown in figure 130a disappears 
between the points of origin of the right common carotid and right subclavian 
ortcncs, the pattern shown in this figure occurs The right subclavian nrterj 
arises as the fourth branch of an otherwise normal aorta 'The right suhclavian 
arterj passes in close relation to the esophagus as it proceeds to the right side 
of the bodj and ma> compress that tube The artery usuall> passes behind 
the esophagus 

d Left-Sided Aortic Arch and Left-Sided Descending Aorta {Normal Pattern) 
If that portion of tlic doable arch illustrated in figure 130a disappiears posterior 
to the origin of the right subcln\nan artery, the right subclavian nrterj arises 
from the innonunatc arterj A normal vascular pattern is then produced 



ANO JULIES OF DEnTVATnES OF AOnXIC AIICM 933 


In cases of double aortic arch, the left arch usually is the 
smaller of the two but the case reported b> Gordon proi es 
that this does not always hold true The two arches maj be 
of equal size or the right arch maj be the smaller of the two 
B Partial Atresia of One Aortic Arch — An acceilua- 
tion of the ineqnahty of the tno aortic arches loads to 
anomahes m which part of one of the arclies is atretic and 
resembles a fibrous cord As a rule, the atresia is situated in 
the left arch but it is a hypothetical possibflity that portions 
of the nght arch, instead, may be atretic In general three 
anatomic forms ma> represent this subgroup, depending upon 
the site of the atretic segment of the left arch Hypotlieticall^ , 
the atresia ma^ mr oh e that part of the left aortic arch 'uhich 
hes between the ongma of the left common carotid artery 
and the left subclavian artery (fig 130c), it usually hes 
beta eon the ongm of the left subclanan artery and the aortic 
insertion of tlic ductus arlenosus” ® (fig ISOd) or it may 
m\oho the most distal part of the left arcli, between the 
aortic insertion of the ductus arteriosus and the region of tlio 
postenor junction of the loft and right aortic arches In any 
of the janetics of partial atresia of a double aorlio arch the 
trachea and esophagus are encircled b\ a > oscular ring, partly 
atretic, and, if the nng is sufficiently narroM compression 
effects upon tlicsc structures arc identical to those produced 
by a narrow vascular collar caused by a double aortic arcli in 
uhicli the tiio arches are pervious 

C Right-Sided Aortic Arch with Retro-csoplingcnl 
Segment and Left-Sided Descending Aorta — In cases of 
double aortic arcli in ivhicli a portion of one arch is atretic 
but recognizable, it is c\ ident that the atresia occurred rntlier 
late during fetal life or after birth Should the process of 
obliteration of a portion of a double aortic arch occur rcla- 
ti\ ely early in fetal hfe, it is possible that tlie atretic segment 
would no longer bo jircscnt ns an ideiilifiablo structure at the 
time of birth The double arch would cease to exist as a con- 
tinuous structure Such j annuls of the double aortic art h arc 
included in the nert subgroups 
1 night Sided Aorhe Arch mlh ndro-etophageat Segmrnt and 
lyfjl Sided Descending \orla SiiMortan Artery Origi 
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nating from Aortic Diverticulum — If that segment of the left 
aortic arch between the ongm of the left common carotid 
artery and left subclavian artery disappears, the following 
aortic arch pattern is achieved (fig 131 a) There is but one 
complete aortic arch, the nght, which after passmg over the 
nght bronchus, turns to the left, at about the level of the 
body of the third or fourth thoracic vertebra, between 
the esophagus m front and the spmal column behind Either 
directly be hin d the esophagus or to its left, the aortic arch 
joins the descending aorta, which usually hes to the left of 
the midhne The first three branches of the aortic arch are 
the left common carotid, the right common carotid and the 
right subclanan artenes in that order from before backward 
The left subclavian artery arises as a fourth branch of the 
aorta from a diverticulum-hke outpouchmg that hes at the 
left upper angle of the junction of the nght aortic arch with 
the descendmg aorta The diverticulum usually hes against 
the left side of the esophagus and mto its lower anterior 
aspect IS inserted the upper portion of the ductus artenosus 
The lower attachment of the ductus artenosus is to the left 
pulmonary’’ artery 38.s8.47 49 

This condition is comparable with that illustrated in figure 
130 c, m Avhich there was predicted atresia of that segment of 
the left aortic arch between the origins of the left common 
carotid and left subclanan artenes In that condition, the 
atretic segment would be identifiable as a fibrous-hke cord. 
In the condition under this headmg, the atretic segment is 
no longer identifiable, therefore, on casual ex animation, one 
might not identify the anomaly as a vanant of the double 
aortic arch which, however, it should be considered to be 
The aortic diverticulum which gives nse to the left subclavian 
arter>^ and which is a point of attachment for the ductus 
artenosus should be mterpreted as a patent postenor portion 
of a left aortic arch The segment of the left aortic arch 
between the ongm of the left subclaiuan and common carotid 
arteries has disappeared durmg early embi^mmc hfe and is not 
identifiable 

In certain instances, the aortic diverticulum has approxi- 
mately the same diameter as the subcIaAuan arter>' to Avhich 
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It gives origm Under such conditions, the diverticulum ap- 
pears as the proxnnal part of the left subclavian arlerv, and 
the ductus arteriosus which actually is attached to the div er- 
ticulum appears to be attached to the beginning of the left 
subclavian artery Such vanations m gross appearance do 
not alter the basic concepts concerning the significance of the 
vascular pattern Rather thej represent minor variations m 
relative rates of growth 

WTule there is absence of the svnimetncallv constricting 
effects of a contmuous double aortic arch there is, never- 
theless, a vascular nng about the trachea in nnoniahes of 
this subgroup The nng is formed bj the right aortic arcli 
on the nght the retro-esophageal segment of the nglit aortic 
arch behind, the aortic diverticulum and tlie ductus arte- 
riosus on the left, and the bifurcation of the pulraonarv 
trunk in front. The subclavian orten plaj-s no role m formmg 
the V ascular nng In such instances a break in the continuitv 
of the V ascular ring ma> be accomplished bv the division of 
the ductus artenosus, vvhicli allows loft lateral expansion of 
the trachea and Uie esophagus The procedure also allows the 
bifurcation of the pulmonarj trunk to sag aviav from the 
front of the trachea vnth rcbcf of pressure against that lube 
In addition Gross in discussing this t) pc of anomalj stressed 
the possibililj of compression of the trachea hv Uie left 
common carotid artciy which anscs to the right of the mid- 
bne and crosses in front of the Iracliea to ncliicvo its usual 
position on the left side of the superior medioslinuni He 
recommended dislocating this vessel from its close association 
vntli the traclica if it compresses the mr passage undulv ’ 

2 RtglU-Sided Aortic Arc/i trilh itciro-csophageal Segment 
and Left-Sided Descending Aorta, Left Siihelarian Arter\ Origi- 
nating from I-eft Innominate Ir/cri — Rcfcrnng to the double 
aortic arch (fig 130a), it is evident that if the portion of the 
left aortic arcli between the origin of the loft subclavian 
artorv and the insertion of the ductus artenosus disappears 
the aortic arcli pattern appears ns follows (fig 1315) There 
IS one aortic arch the right This passes over itic nght major 
bronclius after winch it turns to the left, jmsses bltwetn the 
esophagus and llic sjiinnl eolumii n.s in the other anonnlies 
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previously descnbed Behind, or to the left of the esophagus, 
It joins the left-sided descending aorta As in Group C-1 
there is a diverticulum at the junction of the aortic arch and 
descendmg aorta The ductus artenosus is inserted into 
this diverticulum The left subclavian artery does not arise 
from the diverticulum but instead arises from a left-sided 
innommate artery m common ivith the left common carotid 
artery The left innominate artery is the first branch of the 
aortic arch, the second and third branches being the nght 
common carotid and nght subclavian arteries, respectively 
As m Group C-1, there is a constnctmg vascular nng about 
the trachea and the esophagus It is to be remembered that 
the aortic insertion of the ductus artenosus is actually to a 
remnant of the most postenor portion of the left aortic arch 
and that this diverticulum is shorter than it is m the com- 
parable anomaly m Avhich the left subclavian artery anses 
from an aortic diverticulum Consequently, in the type of 
anomaly descnbed m this section, the diverticulum is expected 
to be small and it often is Moreover, on the basis of molding 
of vessels with grovrth, it is possible for a diverticulum not to 
be immediately apparent It is to be remembered, however, 
that the aortic insertion of the ductus artenosus is to tissue 
which must be considered tissue of the left aortic arch 
D Left-Sided Aortie Arch and Left-Sided Descending 
Aorta. — The types of anomahes that have been considered 
thus far were charactenzed not only by the presence of the 
ductus artenosus on the left side but also by the presence of 
a right-sided aortic arch either alone or associated vitli a 
left-sided aortic arch Since the upper part of the descending 
aorta lay either in the nndhne or to the left of the midline, 
the postenor portion of the right aortic arch possessed a 
horizontal segment, behind the esophagus, which was directed 
toward the descendmg aorta In the remaimng two t>T®s of 
vascular patterns to be considered m Group I, the left aortic 
arch is the only one that is present as a contmuous functioning 
vessel Portions of the right arch have disappeared 

1 Lefl-Sided Aortic Arch and Left-Sided Descending Aorta, 
Right Subclavian Artery Arising from Distal Portion of Aortic 
Arch or from the Descending Aorta — This aortic arch pattern 
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IS characterized by the disappearance of the segment of the 
right portion of the double aortic arch between the ongins 
of the nght common carotid and the right subclavian artenes 
Consequently, the first branch of an otherwise normal left- 
sided aortic arch is the nght common, carotid artery rather 
than the innommate artery The second and third branches 
of the arch are the left common carotid and the left subclavian 
artenes, respectivelj The nght subclavian artery anses as 
the fourth branch of the aorta from either the aortic arch or 
the upper part of the descending aorta (fig 131c) The ongin 
of this arteiy is frequently wider than the rest of the mtra- 
thoracic portion of the > essd, a feature that is not surprising 
since the ongm of the nght subclavian artery m this anomnlj 
represents the most postenor pwrtion of a nght-sided aortic 
arch From its ongm on the left side of the midhne the right 
subclavian artery proceeds upward and to the nght in on 
oblique direction It crosses the midlme usually bj passing 
between the esophagus, in front and the spina column 
behmd Less often, the arteiy hes between the esophagus 
and the trachea as it passes l^m the left side of tlio body 
to the nght side, and even less commonly docs it cross in 
front of the trachea *• “ ” •' This tj-po of anomaly of the 
aortic arch is the one most frcquenllj obsened, and ns a 
rule. It does not gn o nso to symptoms ^Yh^al the nght sub- 
clavian arterj arises as the fourth branch of tlie aortic arch 
and IS respoimble for symptoms, tlie siunptoms usunlK result 
from esophageal compression and appear in the form of 
djsphagia 

2 Lefl-Stded Aorlic Arch and Left-Sided Descending Aorta 
Normal Arch and Branches — It seems logical to include the 
features of the normal aorta at Hus point m tlie consideration 
since It loo can be -Msuolizcd as a modification of the double 
aortic arch If one assumes that the double aortic arcli is 
modified in sucli a wa> Hint there is loss of tlie right arch 
between tlio ongm of tlie nght subclanan arteiy and the 
descending aorta, one amics at the structure of tlie normal 
aorta (fig I31d) 

Under these urcumstanees, the first brancli of the aortic 
arch IS tJio uuiominale artery nliich soon dnides into the 
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right common carotid and right subclavian arteries The 
second branch is the left common carotid artery and the third 
IS the left subclavian artery. The descendmg aorta hes on the 
left side and no undue compression upon the trachea or 
the esophagus is caused by the aortic arch or its branches 
The ductus arteriosus extends from the left pulmonary arterj' 
to the aorta at a pomt beyond the origm of the left subclavian 
artery 

GROUP II RIGHT-SIDED DUCTUS ARTERIOSUS WITH UPPER 
PORTION OF DESCENDING AORTA ON THE RIGHT SIDE 

The second group of anomalies of the derivatives of the 
aortic arch system is characterized by the ductus artenosus 
being a nght-sided structure and extendmg from the nght 
pulmonary artery, below, to the aorta, above 

The upper portion of the descendmg aorta lies in the 
right side of the thorax, to the nght of the esophagus In 
the lower part of the thorax, usually at the level of either the 
body of the eighth or nmth thoracic vertebra, the aorta 
crosses to the left behind the esophagus and then emerges 
from the thorax through the aortic hiatus of the diaphragm 
In tins group, the anomahes of the aortic arch, its branches 
and the upper portion of the descendmg aorta are essentially 
mirror images of the various anomalies of the first group 
Anomahes of Group II are encountered less frequently than 
those of Group I but the counterparts of all the types in the 
first group have either been observed or exist as hypothetical 
possibihties in Group II 

A Functioning Double Aoitic Arch . — As far as I have 
been able to determine, there is no case on record wluch 
fulfills all the criteria of the functioning double arch of Group 
II, yet tlus anomaly must be considered as a hypothetical 
possibihty Reference vaU be made, after the description, to 
tvo reported cases m nhich some of the features conform to 
those of the vascular structure which aviU be descnbed 
In tlus type, the aortic arch diAudes mto tivo arches, a right 
and a left The right arch passes m front of the trachea and 
over the nght major bronchus to join the descending aorta, 
vhich IS on the right side of the liody The left arcli passes 
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over the left major bronchus and then passes behmd the 
esophagus to the nght to jom the right arch at the pomt at 
which It becomes contmuous with the descendmg aorta (fig 
132a) The upper portion of the descending aorta hes to the 
nght of the nudlme As in its counterpart of Group I, the 
branches of the double arch of this group, the common carotid 
and subclavian artenes arise m that order from before back- 
ward from the arch of the respective side The ductus arte- 
nosus arises from the nght pulmonarj artery and is inserted 
into the nght aortic arch between the ongm of the right 
subclavian artery and the postenor junction of the two 
aortic arches 

The second case m the report of Sweet, Fmdlay and 
Reyersbach fulfills the aorlic arch pattern of this anomaly 
but the matter of the site of the ductus arlcnosus is prob- 
lematic. The case history is mtcreslmg and mstructn e, not 
onl> from the diagnostic but also from the surgical points 
of view 

The patient, a bo> aged 4 years, had a cough that nas 
associated with wheezing shortly after birth There were 
numerous attacks of pulmonary infection and d>sphagio At 
the age of 4 jears, he was able to eat only hquids or strained 
foods and loimted these There was evidence of esophageal 
and tmclieal obstruction on roenigcnograpbio examination 
A left-sided thoracotomy was performed At operation it 
was obsen ed that the left arch assumed an unusual course 
Instead of reiaaining on the left side of the bodx os it does 
m the double aortic arch of Group I llic left arch, after 
crossing oi er the left major bronchus deinated to the nght 
and crossed the midlinc bcliind the esophagus The opemng 
m the left side of the thorax iins closed and a right thor- 
acotomj vas performed about tJircc weeks Inter This pro- 
cedure rciealcd that tlic nght nrcli vhich had a diameter 
on eighth ns large os that of the left arch pns«cd mcr the 
nght mam bronchus which it compressed, and then Jiecamc 
continuous vnlh the descending aorta the upper portion of 
which was on tlie nght side fhe loft arcli, after juiMiiig 
Iiehind the esophagus readied the right side of the lKid\ and 
joined the nght arch nl the point at nhich the latter joined 
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the descending aorta The descending aorta remained on the 
nght side of the body imtil it reached the lower portion of 
the thorax, where it deviated toward the midlme Diiosion 
of the nght arch resulted in disappearance of symptoms 
The features of the aortic arch conformed to that illustrated 
in figure 1326 

One major problem in this case, however, is the matter of 
the ductus artenosus The authors said that at the operations 
they made a search for a ductus artenosus on the left and 
the right sides but found none They concluded, therefore, 
that none was present and assumed that m the absence of a 
ductus artenosus, the fetal circulation was balanced by either 
a defect in the atrial or ventncular septum and that such a 
defect closed shortly after birth, which explained the absence 
of chmcal signs of a septal defect It is doubtful that such an 
assumption is correct It is more reasonable to assume that 
a ductus artenosus was in fact present but ivas not discovered 
at the tune of operation WTien one considers the rather mtn- 
cate dissection necessary to find a closed nght-sided ductus 
artenosus, when present under ideal conditions at necropsy, 
it is understandable that one might be overlooked, even after 
al search was made for it, at operation If one assumes that a 
nght-sided ductus artenosus ivas not present m this case, the 
essential features of the double aortic arch of Group II would 
be fulfilled Since proof of the existence of a right-sided ductus 
artenosus is lacking in the case cited the functiomng doulile 
aortic arch of Group II must remam, for the time being, as a 
hj’pothetical anomaly It is mteresting to contrast the aortic 
arch configuration m tins case ivith the findings in the fourth 
case in the report of Gordon, to which reference has herein 
been made In each case there was a double aortic arch and tlie 
nght arch was more narrow than the left In Gordon’s case 
the anomaly defimtely belongs to Group I smce it was tlie 
nght arch that passed behind the esophagus to join a left- 
sided descending aorta and the ductus artenosus lay on the 
left side In the second case in the report by Sweet, Fmdlay 
and Reyersbach, the presence of the upper descending aorta 
on the right side coupled inth the fact that the left arch v as 
the one that crossed the nudlme belund the esophagus created 
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Fiff 132 — Dadus AHenosia tptlh Upper Portion of Deecending 
Aorta on l/ie PigfU Side (Group II) Tb« oorlw orcliw, the ducliu arteriojws 
«nd upper port of the descending aorta in thonnomBlie«of Group II niu.^tratcd 
132 and 133 are mirror ImagcB of the vaivuIar pattcnu of Croup I 
which are Uluatrnted In corretpondmg porUoiw of figures 130 and 131 
^ Poneitontng Double Aortic Arch The difrcrencc from Uio pattern Dluslrated 
•n figure l30o Ilea in the fart that It la the left arch that paaao* behind the fsoph 
®gua In ihij anomaly the ductus orteriosua and iho upper portion of the 
^escendbg aorta llo on the right aide. As the anomaly ahoim in figure 130a is the 
type of Group I the one here illustraled is the basic pallern for Group II 
This is as yet a hypothetical atwraaly 

f> Puneiioning J^uble Aortic Arch In Group I the left arch Is usuolly the 
narrow of tho two In this pattern whicJi to dote is a hypothetical onr 
the right arch is eapecled to be the more narrow of the two 
c- Partial Atraia of Double Aortic Areh To falQII the mirror Imago of the 
^Omaly Iltiutrated In figure 130e the atrollc segment lies In the right arch 
wween the ongms of the right common carotid and right subclavian arteries 
I* a hypothetical form. 

d Partial Alrrsta of Dou6le Aortic Arrh The mirror image of iJie pattern 
fiptro 130d is Illustraled Tlie atrotic segment lies In tiuil portion of 
the right arcli liclwccn tho origin of the right subclnrian nrlerv ami the nortn 
uyrtlon of the ductus arteriosus. Tills form Is Jiypothellcnh 
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an aortic arch pattern different from that m Gordon’s case 
and similar to the anomahes of Group II 

B Double Aortic Arch -with Atresia of One of the 
Arches. — ^As far as I have been able to determine, there are 
no reported examples m Group II of a double aortic arch in 
which a portion of one arch is atretic Such anomahes may 
be anticipated They are illustrated m figure 132c and d 
They are represented as the mirror images of those anomalies 
of Group I m which a portion of the left arch is atretic It is 
to he expected that if examples of the group under consider- 
ation are found the atretic segment will have a greater chance 
of lymg in the nght arch Under such circumstances, the 
anomaly would show an accentuation of the narrow state of 
the right arch such as is illustrated in figure 1326 Support 
of the idea that one should expect to find in Group II examples 
of double aortic arch Avith an atretic portion of one arch 
exists from the fact that there are examples m Avhich part of the 
right arch has disappeared completely These are descnbed m 
the next subgroup 

C Left-Sided Aortic Arch ivith Retro-Esophageal 
Segment and Upper Poition of the Descending Aorta 
on the Right Side. — 1 Right Subclavian Artery Originating 
from Aortic Diverticulum — This aortic arch pattern (fig 133a) 
IS the mirror image of tliat member of Group I illustrated in 
figure 131a This anomaly is rare but I recently reported a 
case in winch it ivas present ^^Tlen this type of anomaly is 
present, the appearance of the aortic arch system is as folIoiTS 
There is only one complete aortic arch, that is, the left After 
passmg over the left major bronchus the arch turns to the 
right to cross the nudhne behind the esophagus After it 
reaches the right side of the thorax it joins the descending 
aorta, the upper portion of Avhich is also on the right side 
At the right upper angle of the junction of the arch and 
descending aorta there is a diverticulum which lies along the 
right side of the esophagus The nght-sided ductus artenosus 
is inserted into the lower anterior aspect of the diverticulum 
The nght subcluAuan artery is the fourth branch of the aortic 
arch ansing from the upper aspect of the aortic diverticulum 
The first three branches of the aorta are the right common 
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Fig 133 Ductus Arlertosus ttdh Upper Portion of DfSttutimo 

Aorta on the Pighl Side (Group fl) a. Left-Sided Aoriio Arch with Pe/ro-Eto- 
pnoffeal Segment and Upper Portion of Descending Aorta on the Right Side Right 
nhclavuin Artery Originating from Aortic Dieerticulum If UjoI porlion of tije 
ouble aorllo arch of Group II which Is illustrated in figure 132a disappears 
tween the points of orlpin of tho right comnoon carotid and right BaLcIavinn 
this anomaly occurs There is a vascular ring about the trachea ond 
e esophagus which is formed hj tho oorllc arch on the left bv Uio relro-cso- 
P ageal portion of tho aortic arch bclund by the aortic ducrticulum and the 
ductus arteriosus on the right, and by Uio bifurcation of the pulmonary 
front, Tlio aortic dhTrlicuIum represents tJie patent posterior j>orUon 
3 the rlgiit arch. Tho form flluslratcd is iho mirror image of the anomaly 
Ilustratcd in /iguro 131a 

Aortic Arch tcilh Retro- Lsophageat Srgment and Upper Portion 
h Aorta on the Right Side Right 5u6riarian Artery Originating from 

Right Innominate Artery Tills form laries from that sliown in figure 133a 
^ tJmt tiro portion of the right arch between the orlpn of Ihr right sub- 
^Wan ortcry and the oortro insertion of tho ductus nrtmewus hns d{<apprarcd 
mnn is a mirror Imago of tlml illustrotod in figure 1316 
^ Right-Sided Aortic Arch irUh Upper Part of Descending Aorta on ihr Right 
^ •Sutridejon Artery Originating from the Aorite \rrh or from the Deseend 

® "Fhls form may result from modification of ilic double nortfc arrh 
■ulrolod In figure I3:a) in such n wny that tbnt portion of Ih- Ml "rrh 
’'I'rem tho origins of llio loft common mroUd ond Ml suls-lsMon irirno. 
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carotid, the left common carotid and the left subclavian 
artenes m that- order from before backward As m its counter- 
part m Group I, this pattern is charactenzed by a vascular 
ring surrounding the trachea and the esophagus Should 
symptoms result from this rmg, division of the ductus arte- 
riosus by means of a nght thoracotomy would be mdicated 
It IS of interest that the nght common carotid artery anses 
to the left of the midlme and crosses this hue to get to its 
defimtive position In its course the artery may compress 
the trachea, and should sjunptoms result from this factor, 
dislocation of the artery might be helpful Gross has advo- 
cated this procedure for the left common carotid artery in 
the condition which is the mirror image of the one under 
consideration 

The configuration of this type of anomaly may he under- 
stood if one studies the illustration of functiomng double 
aortic arch m figure 132a If one assumes that that part of the 
right arch between the origin of the right common carotid 
and right subclavian arteries disappears, one immediatelv 
recognizes the anomaly which is shown m figure 133c The 
diverticulum to which the ductus arteriosus is attached and 
from Avhich the nght subclavian artery arises represents the 
patent postenor extrenuty of the right arch 

2 Left-Sided Aortic Arch with Retro-Esophageal Segment and 
Upper Portion of Descending Aorta on the Right Side, Right 
Subclavian Artery’ Originating from a Right-Sided Innominate 
Artery — If one assumes that a double aortic arch of Group H 
IS altered m such a way that that segment of the nght arch 
lietiveen tlie ongm of the nght subclavian artery and the 
right-sided ductus arteriosus disappears, the artenal configu- 
ration representatn'-e of this anomaly is obtained (fig 1336) 

disappears The end result is a nurror image of Iheanomalj illustrated in figure 
131c 

d Righl'Sidcd Aortic Arch with Upper Portion of Descending Aorta on the 
Right Side, Rranchei Forming a Mirror Image of the Normal Branches If that 
jMjrlion of flic left aorlic arch illuslrafcd in figure 132a disappears posterior 
to the point of origin of the left subcln\uan arterj, the latter vessel arises in 
common with tlic left common carotid orferv from a left-sided innominate 
arterj The pattern is a mirror image of the normal, which is illuslratcd m 
figure nid 
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It vanes from the type illustrated m figure I33a only m tlio 
mode of ongm of the nght subclavian arterj In the tj-pe 
already descnbed, the subdavian arteiy arose as the fourth 
branch of the aorta from a dn erticulum thereof Inasmuch 
08 the nght arch is mtemipled postenor to the subt Ia\ lan 
artery m the anomaly now being considered the nght bub- 
clanan arteri^ anses m common inth the nght tommon 
carotid artery from the innominate arlerj The ductus arte 
nosus IS attached to an aortic diverticulum This pattern is a 
nurror miage of that member of Group I illustrated m figure 
131d At one tune the anomaly under consideration rc- 
mamed as a hypothetical possibdilj but recently Paul has 
reported two oases m which the roentgenograplnc and sur 
gical findings mdicated the presence of on anomalj of tins 
type The configuration of the great vessels m these cases 
was identical with that descnbed m this article hut the silo 
of the ductus artenosus was not identified nl operation for 
congenital cardiac disease Since the aortic configuration in 
these cases was the same as it is in Group IJ-C-1, except for 
nunor difference in the ongm of the subclavian orlenes, it is 
reasonable to postulate that the ductus artenosus was silii- 
aled on the right side 

D Right-Sided Aortic Arch and Upper Portion of 
the Descending Aorta on the Right Side — 1 Left Sub- 
clavian Artery Originating from the Aortic Arch or from the 
Descending Aorta — If one studies Uie double aortic arcli of 
Group II (fig 132a) and assumes ibat lliat portion of the left 
arch between the ongm of the left common carotid artery 
9nd that of the left subclavian nrlerv disappears be will 
bavc a clear undcretondmg of ibc anoinalj illustrated in 
figure 133c It is characterized bj the presence of onlj one 
arch, that is the right Tins posses over the nght major 
bronclius and bl6nds wiUi tlie descending aorta the u/ipor 
portion of which lies in the nght side of the thorax llie 
branches of the aorla from before linckvvnrd arc the kit 
common carotid the nght common cnrnlid tlic right suli- 
clavian and the left suhclnvian arteries ' i >* >* Tipiircs n2a 
and 133c illustrate that the verv first part of the left sub- 
clnnan nrtcrv is nctiinllv llio rcninniiiip |)ostcrior extromitv 
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of a left aortic arch The configuration of this anomaly is 
essentially a mirror image of that illustrated m figure 131c, 
that IS, it IS a mirror image of the common anomaly in whicli 
the right subclavian artery arises as a fourth branch of an 
othenvise normal aorta As is true m cases of that configura- 
tion, the aorta does not mterfere ivith either the esophagus 
or the trachea hut the subclavian artery, Avhich crosses the 
midhne, usually behmd the esophagus, may compress that 
tube and cause dysphagia 

2 Righi-Sided Aortic Arch and Upper Portion of the Descend- 
ing Aorta on the Right Side Left Subclavian Artery Originating 
from Left-Sided Innominate Artery — This is the most common 
type of anomaly m Group II The pattern of the aortic arch 
and of Its branches is a mirror image of that of the normal 
aorta The aortic arch passes over the right major bronchus 
and blends with the descendmg aorta, the upper portion of 
which hes to the right of the esophagus and to the right of 
the midhne In the loiver part of the thorax the descending 
aorta crosses to the left and enters the abdomen through the 
aortic hiatus of the diaphragm Figures 132a and 133d reveal 
that this anomaly is a modification of the double aortic arch 
of Group II m the followmg respects That portion of the left 
arch postenor to the origm of the subclavian artery dis- 
appears, the left subclavian artery arises, therefore, m com- 
mon with the left common carotid artery" from a left-sided 
mnommate artery The left-sided innotmnate artery is the 
first branch of the aortic arch, the nght common carotid and 
right subclavnan Eirteries are the second and third branches, 
respectively Since the aortic arch, its branches, and the 

upper part of the descending aorta are mirror images of the 
structures of the normal aorta, they do not encroach upon 
the trachea or the esophagus and symptoms relative to 
interference ivith the function of either of these tubes by the 
vascular anomaly are not ordmanly encountered It is of 
interest that the anomaly bemg considered is frequentlv 
associated mth congemtal cardiac disease, particularlv 
the tetralogy of Fallot According to Taussig, about 20 to 
25 per cent of patients mth the tetralogy of Fallot have this 
aortic configuration The other types of malformations de- 
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nved from the aortic arch dem atives ma> be associated intli 
congenital cardiac disease but that is not the rule 

TREATMENT 

If a patient suffers from symptoms resultmg from an 
anomaly of the denvatu es of the aortic arch sj stem certain 
rules concerning surgical therapy can usuall> be foUoivcd 
Relief may be obtamed by division of the smaller of the two 
aortic arches, by division of that part of the arch which is 
atretic, by division of the ductus arteriosus, by dislocation 
of a common carotid artery, or by division of a subclavian 
artery Usually, the structure or structures which must be 
treated surgically are either the ductus arteriosus or some 
structure which lies m the same side of the body as the ductus, 
therefore, it is advantageous for the surgeon to know, pre- 
operativelj, on which side the ductus artenosus lies in order 
that he may perform the thoracotomy on that side Since the 
roentgenologist is not able to nsuahzc the ductus arteriosus 
directlj he must relj on indirect evidence in predicting its 
situation The foUoiving rule, although not infallible will be 
helpful The ductus arteriosus usuallv lies on the same side 
of the thorax as docs the upper portion of the descending 
aorta visuahzing the site of the latter structure, the 
roentgenologist may predict, with reasonable accuracy, the 
situation of the ductus artenosus and guide llio surgeon as to 
the proper side on which to perform the ihomcotomv 
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CLINICS ON OTHER SUBJECTS 


SOME RECENT ADVANCES IN STUDY OF THE THYROID 
THEIR INFLUENCE ON THE TREATMENT OF 
THATROID DISEASES 

Samxjel F Haines, Mavis P Kelsey, Maevin M D Williaais, 
AND F Raymond Keatino, Jr 

In recent years, several new tools haYe become available 
for study of the thyroid gland These include methods, how- 
ever inaccurate, for the determination of thyrotropic hor- 
mone, goitrogemo drugs, including thiouradl and related 
substances and radioiodine The recent advances which 
these new tools have made possible, both m [tlie study of 
thyroid function and in the treatment of thyroid diseases, 
have overshadowed any advances made m this parDcular 
field for many years Since 1923, when H S Plummer estab- 
lished the value of iodine in the treatment of exophthalmic 
goiter much work has been done m attempts to determme 

(1) the reasons for the effectiveness of iodine m this disease, 

(2) the reason for the lack of efiecliveness of iodine ni ade- 
nomatous goiter inlh hyperthyroidism, and (3) the methods 
by vvhicli the thyroid gland, either normal or abnormal, 
handles iodine when it is present m either normal or abnormal 
amounts Studies of the content of lodme m blood and tissues 
led to a soniovvhat better understanding of tliyroid function, 
but ineiliods for dclemunalion of tlie iodine content of tlic 
blood were not easy to follow, and variations in the methods 
led to results wlucli were considerably at vanance Because 
of tho leclmicttl difficulties of tlie methods, detcmimations of 
the iodine content of the blood never has been widely em- 
ployed clinically, except m a few medical centers m which 
thyroid disease is extensivelv seen and treated 

TinnoTnopic iion,vioNE 

Studies of the thvTotropic hormone also have occupied an 
important place in the thvroid investigations of recent years 
ilie methods for dclcnnmntmn of tbvrotropic homionchnvc 

9S1 
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been too laborious and the results too uncertain to mabc lliis 
determination Avidely favored However, in those institutions 
m Avhich this substance has been studied, considerable ad- 
vances m the knowledge of thyroid disease have resulted 
The relationship of the thyrotropic hormone to exophthalmos 
has been the subject of much study Experimental evidence 
indicates that there are a direct relationslnp between the 
presence of thyrotropic hormone m excess and exophthalmos 
111 some laboratory ammals, and an inverse relationship be- 
tween the amount of thyroid tissue present m the animal and 
the degree of exophthalmos Attempts to correlate the experi- 
mental and chmcal observations never have been too con- 
clusive, largely because of uncertnmty m the determination 
of the thyrotropic hormone Rawson’s demonstration of in- 
activation of thyrotropic hormone by thyroid tissue®* consti- 
tutes a consideralile advance in the study of this substance, 
but much remains to be done before any sound Ivnowledge 
emerges regarding the possible relationship between th>T0- 
tropic hormone and various th^noid diseases in human beings 
Results of chmcal and experimental studies by Soley, Dobyns® 
and others established the fact that protrusion of the ocular 
globes usually mcreased after removal of the normal thyroid 
glands in ammals or after resection of the diseased tIi}TOid 
glands m human beings Subsequently, these studies verc 
extended to demonstrate a protrusion of the ocular globes 
after control of hyperthjToidism m human beings by oilier 
means than surgical resection, and a recession of the position 
of the globes after the treatment of myxedema in human 
beings " Interpretation of the latter finding is somewhat con- 
fused by the changes m fluid balance which result from the 
treatment of myxedema, and tlie exact chmcal significance of 
ese studies is not clear Edema and an increase m tlic si^e 
1 the orbital muscles vere demonstrated by Nafiziger, Brain 
and others m the seiere exophthalmos of Graves’s disease 
Later, Bundle and Poclnn. m chemical studies, found that 
an increase in orbital fat occurs in patients mIio have Giai cs’s 
disease, xnth or vnthout sex ere exophlhahnos Dobxns con- 
firmed the latter finding In microscopic studies In experi- 
mental annuals he also has demonstrated'® that an nu rea‘<e m 
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the fat content of other than orbital muscles follows the ad- 
ministration of thyrotropic hormone and he has, moreover, 
demonstrated m these animals a generalized disturbimce m 
deposits of fat m the body, a disturbance which is charac- 
terized chiefly by phagocytosis of fat and by edema The ob- 
servations of Paulson on guinea pigs and of Albert on tillifisli 
(Fundulus) mdicate that an excess of fluid occurs m the orbital 
tissues of animals treated with thyrotropic hormone These 
observations may have some chmc^ correlation with the fre- 
quent fluctuatmg sweUing of the hds seen m patients mth the 
eiophthahnog of Graves s disease, but this correlation is not 
clearly estabhshed Rundle and Pochm haxe assigned more 
unportance to fat as a cause of the swollen hds m this con- 
dition. The ease and rapidity with which the swelling changes 
make it htelj, however, that fluids are important constitu- 
ents of the swollen tissues, and the results of Dobjms’ studies 
of vanous tissues of a n i m als treated with thyrotropic hormone 
lend some support to this contention. 

GOrmOGENIC DRUGS 

In 1943 Astwood aimounccd the results of his important 
studies on the effects of thiourea and thiouracil m Graves s 
disease Many years before, Chesney, Clawson and ^^ehster 
had noted the goitrogenic effect of a cnlibage diet m rabbith 
subsequently, Marine and others determined that tins effect 
isas caused by die mtrile content of this diet The Mackenzies 
>cn liad shown that m ammals n similar effect occurs m 
association with some of tlic sulfonamides, clucfiy sulfaguaiu- 
'ne It rcninined for Astwood to extend tliesc studies and 
° npplj the knoM ledge thus gained to the treatment of 
ijrai es’g disease 

Using radioiodinc collections ns a measure Larson and one 
® us (Keating) and associates •** found tliat thiouracil pre- 
^snted all hut small amounts of lodmo from being collected 
m thyroid glands Thyrotropic hormone, on the other 
sui caused a loss of iodine already present in the tlnroid 
eands and increased the demand of the gland for loilinc 
th^"! 1 associates found that tliioumcil proientcd 

® nlioraliou of IhyToxin in the thy roid glands by inliihiting 
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certain enzyme actjAaty Rawson and his associates®^ found 
that under treatment inth thiouracil the hyperplastic thyroid 
gland m Graves’s disease became more hyperplastic and that 
thiouracil prevented the proper utilization of iodine by the 
thyroid glands, but that, in spite of the latter effect, iodine 
produced involution of the thjTOid glands They, therefore, 
postulated that iodine has two effects in the thyroid glands 
that of lodinating the thyroprotem and that of producmg 
involution, and they suggested that the tivo actions were 
separate Albert and his associates added an important study 
m which they deterinmed that thiouracil increased the effec- 
tiveness of th^uotropic hormones, and that iodine inactivated 
thyrotropic hormones, causing a precipitate that later could 
be dissolved and reactivated by thiouracil 

In summary, then, thiouracil was found to prevent the 
elaboration of thyroxm m the thyroid glands and also to 
cause the development of hypertrophy of tlie thyroid cells 
Potassium thiocyanate had a different effect, probably due to 
the fact that it prevented the thjToid glands from collecting 
iodine, also, this effect was much less constantly obtained m 
human bemgs than was the effect of tluouracil The effect of 
cyanates was abohshed by the simultaneous admimstralion 
of iodine, but that of thiouracil and related drugs vas not 
Thiouracil admimstered in sufficient doses over a considerable 
period was found to produce enlargement of the thyuoid 
glands, hypertrophy of the cells, and the cluneal picture of 
myAcdema The same also v as true of potassium thiocyanate, 
but in the case of the latter drug this effect occurred very 
rarely Rawson’s case,®® reported late in 1943, vas the most 
staking example of potassium thiocyanate goi er vhich lias 
yet been published, and tlie most carefully studied Biops> 
of a specimen of the thyroid glands taken vhile the patient 
had myxedema showed extreme h^Tiertrophy of the thyroid 
epithehum 

It IS apparent that as yet there is not complete understand- 
ing of the function of the tJijTOid glands, either normal or 
diseased, but thiouracil has been and continues to be an 
effeclne tool in the stud> of thyroid function, and it has 
added much to knowledge of these glands 
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SooD after Astwood announced his discovery of the control 
of hyperthyroidiEjn by thiouraal m cases of Graves s disease, 
the drug became available to many mvestigators for use m 
treatment Its effect in the control of hyperthyroidism was 
startlmg, and the effect was obtamed with great constancy 
Soon, however, vanous untoward reactions to the drug began 
to appear, and in a very short tune it had become apparent 
that agranulocytosis occurred after the use of thiouracal in a 
small but sigmllcant number of cases Because of this danger, 
It was essential that all patients taking the drug remam under 
close medical observation, and even under those circumstances 
fatal agranulocytosis was known to occur Some observers, 
notably Bartels and his associates” at the Lahey Chmc, 
Means and his associates at the Massachusetts General Hos- 


pital our own group, and others, used the drug chiefly m pre- 
operative treatment Its success m this respect was stnkmg 
Patients mlh nnusnally severe hyperthyroidism and those 
with serious comphoating diseases which were aggravated hy 
hyperthyroidism were, after preparation with thiouracil, so 
groatlj improved that their operations were done with mmi- 
raal risk Because of excessive bleeding from the thyroid 
glands of patients prepared for surgical treatment onli with 
thiouracil, lodme was added during part or all of the tune 
that thiouracd ivas admimstered, and it was soon found that 
the hyperplasia and loss of colloid produced by thionracil 
could be made to in\ olute bj lodmo, and that the excessive 


bleeding was thus ai oided Astwood and VanderLaan, mean- 
while, continued their stud) of hundreds of goitrogenic drugs, 
chiefl) those related to thiouracil, and earned out clmical 
Inals of the most promising ones Diethyl thiobarbitnnc acid 
(tluobaibital) was one such drug which offered great promise, 
but It, bke olbers, produced loo many untoward reactions to 
be widcl) accepted men prop)Ithiouracil was introduced, 
the trentracnl of Graics’s disease by goilrogemc drugs re- 
cen^ greater impetus, iH^muse reactions of a serious nature 
rarel) followed lU use SUll U was potentiall) a toxic drug, 
and at least one instance of agronuloo-tosis can be charged 
pro onged ndmmislration or nse of it withLt 
conalaut obscr\aUoiv, seemed of questionable advisabihl) 
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Moreover, Williams'’^ 39 of Boston soon slioAved that of pa- 
tients treated for Gra^^es s disease solely vath tinouracil or 
related drugs, more than half experienced recurrence of iJie 
disease -when, after six to twelve months, adnumslration of 
the drug xvas discontinued PropyltJuouracil became the drug 
of choice m the preoperative preparation of patients with 
exophthalmic goiter, iodine being admimstered of course, 
before surgical treatment was instituted or during the entire 
time of adimmstration of propylthiouracil Several mi^esti- 
gators contmue to use propylthiouracil as the total treatmeni 
of Graves’s disease, hoAvever, and, because of the varied pro- 
grams Avhich noAV are being folloAved, it seems likely that a 
few years more will allow adequate evaluation of the ditferenl 
programs so that the best one can be determined The high 
incidence of recurrence of the disease after treatment with 
goitrogens, the difficulty m keepmg our patients under pro- 
longed observation, and the occurrence of occasional imtov ard 
reactions, even from propylthiouracil, have made us hesitate 
to use the drug as the total treatment for hyperth^Toidism 
except in occasional, unusual mstances As preparation for 
thyroidectomy, propylthiouracil combined with iodine has 
been extremely successful The time needed for elTectne ad- 
numstration of this drug is considerably greater than tlie time 
needed for ordinarily adequate, but less complete preparation 
Avith Lugol’s solution Therefore, except when the patient's 
condition is scA’^ere or complicated, Ave haA^e continued to use 
Lugol’s solution as the preoperatiA-^e preparation of choice in 
Graves’s disease, because it has been amply demonstrated 
that for patients AAho have mild or moderately severe forms 
of tJie disease thyroidectomy can be performed after the use 
of iodine Avilh no greater surgical risk than that inherent m 
thyroidectomy itself 


RADIOIODL\E 

' In 1934 , Fenni first prepared a radioactne isotope of 
dine Subsequentlx , several others have been prepared It 
AAas apparent from the start that these substances AAOuld soon 
lie of great Amine in the study of thyroid function, but thev 
Aiere not readilA aAailable for such m^ cstigations, and tlie 
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short half-hfe of those substances first prepared hmited studiM 
wth them to investigators vrho worked near a cyclotron in 
1938 Hertz, Roberts and Eians, working in Boston, Md 
Hamilton, lyorking m Cabfonna, began studies 'nmIb radio- 
iodine prepared m the c>clotron8 which were located, respec- 
tively, in Cambridge and in Berkeley It soon was found that 
these sulistanccs w ere to occupy an important field m thyroid 


investigations 

Rndioiodine behai es chemically just ns stable lodme does, 
but by means of tlie radiations gn en off, its approximate 
location in the body can ho determined The carher work was 
done with short-lived isotopes, of which P’°, with a half-hfe 
of 12 6 hours, was used most extensn ely Subsequently, the 
preparation of 1“' in tlie chain reactmg uramum pile has 
made this isotope, ivith a half-life of eight days, avadable to 
many more im estigators and I*" now is the most extensively 
used of the isotopes of iodine For study of the thyroid glands 
the important characteristic of I'*' is that it emits rays which 
can he detected by the Geiger-Mhller counter Two rays are 
ciiuUed (1) beta rays, wluch are negaln e electrons and trai el 
only a few imllimeters m tissue, but which produce consider- 
able lomzalion m the tissues through xvluch they pass and 
(2) gamma rays, which traiel long distances mih the speed 
of light, but which produce comparatively little ionization in 
the tissues through w luch they pass Beta rays can he counted 


onlx if the substance containing them is m close approxima- 
tion to tlic Goiger-MQllcr counting tube, and suoh counts 
therefore, arc imuted to substances such as unne, blood, 
properly prepared tissues and tlie hke, which can he placed 
ilirtctly under the counting tube Gamma rays, because of 
iho distance tlicx traxcl con be detected by counting tubes 
at some distance from the malcnal contaimng tliem, and thus 
the amount of radioiodinc in the thyroid glands of hvmg 
subjects, for example, can be determined by counting of the 
gamma rays which are gixenoff from those organa Improio- 
ments m counting lubes m the scaling circuits wluch record 
I he counts and m technics for this tvpc of counting are con- 
slMth iKimg mode Tlie terhmeal details of counUng and the 
need for knowledge of redioactne disintegrations arc such 
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that trained physicists are essential parts of any team under- 
taking studies which involve the use of radioiodme Further- 
more, the presence of radioactinty poses another and a \ er> 
important problem to the mvestigator The use of these sub- 
stances may be dangerous to those usmg tliem or to tliose 
receiving them Precautions must he used m the handling of 
radioactive substances, and the precautions necessary^ are 
such that they impose certam reslnctions on methods of 
handling, on choice of patients to receive them and particu- 
larly on the quantities to be admimstered Exercise of such 
precautions reqnires special apparatus for such purposes as 
handlmg of the substances, momtonng of areas used m 
handhng the substances, and disposal of excreta contaimng 
appreciable amounts of radioactive isotopes Personnel re- 
peatedly ex^iosed to radioactivity must be properly protected 
by lead shields and hoods for the removal of contamination 
from the air Constant momtonng both of the area in which 
they work and of themseh^es, by the ivearmg of film badges, 
must be done to detemune exposure They also should be 
examined frequently to detect any changes in the skm or in 
blood cells Thus, it is apparent that any team using radio- 
lodine in its investigations should include, at the least, a 
physicist, chenust and hematologist 

Hamilton, “ as Hertz had done previously, found that the 
normal thyroid glands had concentrated appreciable amounts 
of a dose of radioiodme This amount was found to be vari- 
able, but it was about 20 per cent of the admimstered dose 
Patients ivith ex'ophthalmic goiter had thjToid glands vlucb 
collected much larger amounts of radioiodme, many of tliem 
concentrating 80 per cent of the dose within tliem Patients 
Avith myxedema, as might be expected, excreted most of the 
radioiobne and their thjToid glands collected little or none 
This was not true, however, of hypothyroid children who bad 
" Voiter Hamilton, Soley, Reilly and Eichom found that these 
itrous thyroid glands, presumabh hypertrophied glands, 
ollected considerable amounts of iodine Later, it was found 
that th^noid glands made hypertrophic bv the administration 
of potassium tluocvanale or tluouracil had an increased ability 
to collect iodine after the drug had been excreted Hamilton 
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and hi8 associates,” Gross and Leblond, and Cope and others 
hai e used the autoradiograph to demonstrate the collection of 
lodmc by the thyroid glands and to indicate i arymg amounts 
of lodme collected by adenomas and extra-adenomatous tissue 
As a duect result of the studies of thyroid function with 
radioiodme the diagnostic value of this substance has become 
apparent Among patients not recently treated with iodine, 
or thiouracil, or potassium thiocyanate or other goitrogenic 
drugs, tlie amount of radioiodme collected by the normal thy- 
roid glands rarely has exceeded 30 per cent, and the amount 
collected by the thyroid glands of a hyperthyroid person 
rardy has been as low as 30 per cent If the radioiodme ex- 
cict^ in the nnne is determined at frequent intervals, it is 
apparent that in patients with exophthalmic goiter tlie rate 
of excretion is rapid but the total quantity excreted is small 
This fact led to the statistical analysis of unnory excretion 


cuncs by Berhson, Power and Imo of us (Keating and 
Haines) ‘ Recently, we ha\e described the careful analysis 
of man> such cur\ es It cannot be said at present that the 
urinary excretion cur\ es are absolutely pathognomonic, for, 
rarely wo haio seen essentially normal excretion curves m 


patients who had proved exophthalmic goiter Howexer, m 
general, the form of the cun o of excretion of radioiodme and 
the total amount of radioiodme excreted give valuable mfor- 
inatioii about the pathologic status of the thyroid glands. 

Soon after the imliation of its use m tbjToid miesli- 
gauoii, radioiodme began to bo considered as a possible them 
pcuUc ngciil m UijToid diseases This wori, too was 
hmited at first to those centers which were located n«. 
cyclotrons Hanulton and Lawrence used n>d ^ 

reports m the literature were those of ^ 
and of Chapman and Eians m 1946 Th ^ ^ ^ Roberts, 
used m their studies wasTm.^l ^dioiodme isotope 
I'« (nith a half-hfe of 12 6 hou^t and^^"^ ^ 

(with a half life of eight davsl Al^ 1!°“' jui 

irns altnbmcd bi ih^ of the effect 

nm> hQ\c been considemhle. Tw ' cfTect of I**' 

ticnts with cxophibalraic gott^ 

0 oral admimstralion of the 
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isotopes As "nas to be expected, large aniouiits of the ad- 
iruiijstered radioiodme were collected by the thyroid glands, 
and m var^nng periods of tune the symptoms and signs of 
hyperthyroidism Mere reduced Repeated doses Mere needed 
m some cases to bring the basal metabolic rates to normal 
and to hold them there It is apparent from these reports 
1 hat radioiodme is an effective therapeutic agent Biopsy of a 
specimen taken from the prexuously treated th^Toid glands of 
a patient who had Graves’s disease showed marked fibrosis 
of the gland and deterioration of the remaimng follicles It is 
noteivorthy, however, that those epithehal cells which re- 
mained ivere of the high coluninal type charactenstic of 
Graves’s disease 

In 1946 the Chnton Laboratories at Oak Ridge, Tennessee, 
began distributing radioiodme for ose m study of the 
thyroid glands Since that time much more ivork has been 
done on the therapeutic application of this matenab Dosage 
ivas uncertain at first, and the Imowledge gamed by studies 
Mith I“° could not be applied directly to 1“' Our studies 
along this line have been earned out slowly, because we are 
hesitant to supplant proved methods of treatment with a 
method ivluch is still experimental Questions have been 
raised as to the possible caremogeme effect of radiation ad- 
mmistered m this manner, and it has not yet been demon- 
strated conclusively that lU effects mil not be produced on 
other organs than the thjnoid glands Tlierefore, we have 
chosen as subjects for treatment with radioiodme patients 
mth hyperth>’Toidisra, and particularly Graves’s disease, for 
M horn other forms of treatment n ould be especially hazardous 
Such selection includes those patients with serious heart 
disease and exophthalmic goiter, some nho have experienced 
multiple recurrences after surgical treatment, and some m 
nhom large recurrent goiters on one side M'ere comphcaled 
by paralyzed ^ocal cords on the opposite side Regardless of 
„omi)hcations, v.e ha\e not yet felt justified m using raibo- 
lodme m the treatment of Graves’s disease in young people 

Our procedure m treatment is sinular to that customanlv 
used Rlien it is decided that the patient is to receive this 
form of treatment, the tracer dose of 100 microcunes of R”, 
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•mlh 100 jmcrograma of sodium iodide to act as earner, has 
been given orahy The amount of iodine excreted m the urmo 
ui sevenly-livo hours is, as previously noted, a fairly go^ 
entenon of the approinmate collection by the thyroid glands 
The weight of thyroid tissue is estimated This estimate is 
inaccurate, but with considerable practice it can he reasonably 
close The dose to be admimstered is then calculated We 
generally have employed a dose which would allow the thy- 
roid glands to collect about 200 to 250 microcuries of radio- 
lodine per estimated gram of tissue 

■Wilbm a few days of the administration of such a dose, the 
thyroid glands usually become harder aud may be slightly 
tender K reaction has occurred m only one of our cases, and 
it IS uncertain os to whether that represented (1) a hyper- 
thyroid reaction caused hj rapid destruction of a part of the 
glands and subsequent liberation of its contents or (2) “radi- 
ation sickness “ The patient had shght fever and malaise for 
three or four days 

Beneficial results are noted at vanable times In some m- 
stances, relief of symptoms of hyperthyroidism has occurred 
inlhin a few weeks, but m others improi ement has been slow 
and gradual for a few months Reduction m the size of the 
glands iB to he expected, but it is slow m occurring Most of 
the patients we have treated hai e been completely reheved 
of all endenecs of hyperthyroidism. In a few instances, multi- 
ple doses Imvc been needed. Recurrences necessitating more 
treatment ha\ c been nolwl a few tunes, and m some cases 
myxedema has followed the treatment. It is far too early m 
the course of our ini cstigalions to permit evaluation of this 
method of treatment, but it seems reasonable to assume that 
hypcnhyroidism can be ameliorated or controlled nith ade- 
quate doses of radioiodinc. RTiolber or not imlouard reactions 
max occur can be delcnnmed only after several years Most 
of the patients we have treated with radioiodme base sharply 
Imiitcd hfe expectancies liccausc of the coexistence of other 

tiisonscs 

In MOW of ihc large amounts of radiation -abicli can be 
introduced into tissues by llic ndmimslration of mdioiodme— 
muchlargcr anioimls Bmn can be gn on by radium or roentgen 
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rays applied exlemally—tlie possibility of treatment of cancer 
of the thyroid glands has received considerable attention 
Leider, Seidhn, ManneUi and Baumann, and Seidhn, Mannelli 
and Oshry have reported the control of metastatic lesions 
from cancer of the thyroid glands by means of radioiodme 
Unfortunately, the greater number of cancers of the th^Toid 
glands do not show much tendency to collect lodme This 
has been demonstrated by Marmelli, Foote and Hocker Avho 
used autoradiographs Vanous means have been employed m 
attempts to mcrease the collection of iodine by mahgnant 
tissue, and among others, it has been found that the produc- 
tion of m^’^edema either by surgical extirpation of the entire 
thyroid gland or by the adnumstration of a large dose of 
radioiodme may in some instances result in an increased 
collection of iodine by the metastatic lesions of cancer of 
tJie thjToid gland It is far too early m our expenence to 
allow us to say whether or not mahgnant tissue which mil 
collect radioiodme can be destroyed by Judgmg from 
the expenences of the aforementioned investigators, it is well 
worth tr^ong but, as m other instances, we have hesitated to 
supplant a proved and effective method of treatment Avitb 
an untried one, so that we hai’^e Imnted our efforts m this 
regard to patients whose lesions are proved to be inoperable 
Wriiether our hopes for radioiodme m the treatment of 
cancer of the thyroid glands mil matenabze can be deter- 
imned only after sei'eral years of study "Whether it vill 
contmue to be used as a therapeutic measure in h^^ier- 
tli^TOidism vail be determmed largely by whether or not 
secondar^’^ and undesirable effects develop Barring the de- 
velopment of such effects radioiodme mil be a ver)" useful 
form of treatment, m at least some cases of thjTotOMCosis, 
and it vail be a diagnostic aid of considerable value It also is 
clear that propvlthiouracil or some related drug vail contuiue 
to be useful in the preoperative treatment, if not as the total 
treatment, in some cases of thyrotoxicosis Regardless of their 
place in the ultimate therapeutic armamentanura directed 
against thyrotoxacosis, both substances haAC been and mil 
continue to be of mestiraable value m the study of the ph> si- 
olog> and pathologic pInsiologA' of tlie th\Toid glands Im- 
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provements m methods for detennmation of the thyrotropic 
hormone also should add materially to Imowledge of the 
pathologic processes that occur m the thyroid glands, as will 
determinations of morganic and of protein-bound iodine in 
blood and tissues The value of these investigations will be 
considerably enhanced bj studies of the dynamics of lodme 
metabolism which can now be carried out with radioiodme 
Sunultaneous studies of all these factors m the same patient, 
and extension of them to the various diseased thyroid states, 
would seem, at present, to offer productive hnes of investiga- 
tion Advances m medical knowledge usually are made slowly 
and by hard work, the last ten years haxe seen more rapid 
advances in the knowledge of the pbvsiology and disease of 
the thyroid glands than anyone could have anticipated But 
there still is a long way to go before we have anythmg like 
complete information about the thyroid glands and all aspects 
of their function Fortunately, those studies which have added 
materially to knowledge of thyroid function m health and 
disease have also added materially to Bie effectiveness and 
safety of the treatment of patients with tliyroid diseases 
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THE PRESENT-DW THERAPIl OF THROMBO- 
ULCERATrVE (STREPTOCOCCAL) COLITIS 

J Ab>OLD BVRCE^ 

Ir. this artide that form of ^llceratl^ e cohlis ivluch has its 
inception in the most distal portion of the rectum and spreads 
relentlesslj orad from that poml "wdl be considered The vrall 
of the boirel is miohed primarily and diffuse^ and the 
mucous memhrane only secondordy The lesion begins in tlio 
submucosal structures as a thrombotic process Tlie raucous 
memhrane becomes granular and edematous and bleeds easily , 
and diffuse narrowing of the lumen and general Uuokenmg of 
the wall of the mtestme dei elop Such a pathologic process 
naturallv is associated with well-defined symptoms, which 
1 ary with the progression of the disease and the interjection 
of lanous comphcations and sequelae This condition has 
been commonly designated as "thrombo-ulceratno cohtis,” 
“chrome ulcerative cohtis" or "streptococcal ulcerative 
cohtis ’’ 

niEATAIENT 

In throniho-ulcerative cohtis wise gmdanco of the paUcut 
by the general practitioner for a long period and close co- 
operation of the mtcrmsl and surgeon ore essential Treat- 
ment should rest on Uic convictions (1) that tho condition is 
an infectious disease of the large mlcstmo, (2) that uncompli- 
cated eases consulate a medical problem and (3) that certain 
comphcations are dcQmle mdicaUons for operation Tho atti- 
ludo of physicians toward tho disease has changed m the last 
decade from one of hopelessness and despair to ono'of hopeful 
accomphslmienL It is well, however, to speak not of cure but 
of control of this disease 

Medical Management — Thrombo-ulcoratn o colitis 
which IS not complicated by neoplasm, polyposis,'' stricture, 
penrcctal abscess perforaUou or ncphroUlhiasis is in general 
a medical problem Patience and pcrscvoiancc on tlio part of 
ilic physician and an opiuiusUc \icwyiomt from the patient 
ore essential m tho treatment of tins disease It is often ncces- 
Mry to start Ulc trcalmcnl of patients m the linapital, whore 

967 
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their activities can he controlled accurately, even though lliey 
may not be acutely ill 

Besi and Restful Recreation — For acute, fulnunating 
thromho-ulcerative colitis, rest m hed and absolute quiet 
should be mamtained until fever has disappeared Then 
physical activity should be resumed gradually To rest the 
intestinal tract it may he necessary to ivithliold food by 
mouth and to give flmds parenterally For the patient who 
has a more chrome, although severe condition, without fever, 
restful recreation is important The patient should not be 
hept m bed but should follow a positive program of mild 
actmty Readmg, short walks and mental diversion are 
helpful Easy discouragement seems to be a feature of the 
disease The slightest change of symptoms vhich is not for 
the better may undo days of improvement because of the 
patient’s mental attitude toward such a change Occupational 
therapy m many forms can be made interesting This type of 
diversion is invaluable, for it tends to distract the attention 
of the patient from his need of remaining near a toilet 

Diet — Feeding of the patients presents one of the most 
difficult dietary'- problems m medicme In tlie past the amount 
of food allowed these patients often has been restricted too 
much, and as a result their strength and ability to fight the 
infection have been lost In the active stage of the disease 
appetite lags or fails The problem, then, is first one of cre- 
atmg an appetite, and next, of givmg foods which are digested 
almost entirely in the stomach and small intestine, and which 
thus leave little residue for the colon The foods prescribed 
should vary witli the stage, severity and complications of the 
disease ^^Tlen the symptoms are acute, the paiient may he 
able to take only a small amount of Inglily concentrated food 
In the more severe cases, it may be necessary" for a time to 
give nothing hut hquids by mouth In the vorst cases mtra- 
venous injection of a solution of glucose and subcutaneous 
injection of large amounts of physiologic solution of sodium 
1 loride can he employed 

In the erage case the food given should not he imtating, 
shotild have a low residue and an adequate content of calorics, 
proteins, ^’ltamms and mmcrals, and should he as attractive 
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as possible Some of the foods which have a low residue are 
lean meats, nee. white bread, Itahan pastes, sugar, well- 
cooked and strained cereals, cooked eggs, butter and cream 
Proteins in most forms are very desirable Vitamins can be 
supplied in concentrated form m fruit juices, yeast, butter, 
wheat germ, cod liver oil extract or irradiated ergosterol 
Milk 18 not a low-residue food, and it is not well tolerated 
by many patients Boiling the milk makes it shghtly more 
digestible. 

On admission to hospital, or when treatment is begun, the 
patient is given strictly bland food, to which additions are 
made at regular mtervals The foundation diet or the founda- 
tion diet with additions may be given, but few patients will 
tolerate the full diet from the b^mmng 
Additions to the foundation diet will result m a full diet 
which provides for 140 gm. of protem and 3,400 cnlones a day 
Jelly or jams without seeds may be served if desired Iced 
beverages should not be gi> en Ice cream should be eaten very 
slowly Condiments, such as mustard, horseradish, catchup, 
nnegar and highlj seasoned sauces or rehshes, are best 
avoided 

Tlie diet based on these broad, general principles, should be 
adjusted to the needs of each patient. Few patients react 
Biniilarly to any gii en program 

Vitamins — Occasionally, in the late stages of thrembo- 
ulceralivo colitis, peripheral ncuntis lias been noted which 
responded dramatically to large doses of thiamme chlonde. 
On a few occasions loo marked reduction of dark adaptation 
bus been encountered This condition improved when large 
nwounis at limes as much as 100,000 mternational umts, 
of vitamin A were given dailj In more cases the ascorbic 
ncid content of the blood serum has been found to be low 
because the patients have been afraid to take adequate 
quamuies of citrus fruits Such patients have liccn aided 
nmienalK b> being giv on 200 to 300 mg of syntheUe v itamm 
m taliici tomi doilj In a rare case sev eral massiv o hemor- 
riinges maj occur liecanse of a reduction of the concentration 
0 prollirombm in the blood Administration of vitamin K 
Mologen (a coiiccntrato conlainmg vitamin K in peanut oiB 
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6 to 9 capsules by mouth or menadione (2-methyl-l, 4-naph- 
thoqmnone) 1 gram (0 065 gm ) by vem has given prompt 
rebef 

Except for these exceptional situations vitamm concen- 
trates are furmshed to these patients only m a supportive 
manner The diet, however, should be planned so that no 
essential food or vitEumn ivdl be lacking The syrups or elcurs 
of vitamm B complex have been found helpful m stimulating 
the appetite and from that standpoint seem worthwhile At the 
stage in the progress of recuperation from this disease at which 
large amounts of vitamm concentrates can be given by mouth, 
the patient should be able to eat well and generously 

Vaccine — When improvement comes, and m milder and 
earher cases, a bactenn, prepared as an autogenous vaccine 
from tlie orgamsm found m the rectal ulcers m each case, is 
adnumstered subcutaneously every three to five days for 
several months The dose which is 0 1 cc at first is increased 
at each injection by 0 1 cc , until an average maximum of 
1 5 cc is reached After a rest of several months, the same 
procedure is repeated Three or four such courses are ad- 
mmistered, or the vaccme is given until the patient is free of 
symptoms. After that an occasional course of vaccme is given 
for several years 

Nursing Care — Smce rest m bed usually is prescribed for 
the initial part of the treatment, and often for weeks during 
an acute exacerbation, the systematic execution of the many 
details necessary for comfort and peace of imnd, as well as 
for actual physical progress of the patient, can be acconi- 
phshed only by careful nursing Tlus may be by the hospital 
staff or by helpful persons m the home Freedom from worry 
and emotional strain is important for the patient Fatigue 
and nervous excitability interfere with a patient’s progress 
ft IS important to keep the patient warm and to mamtain the 
body flmds Occasionally hot abdominal stupes seem to gn e 
.,^much comfort The great urgencx' to defecate, which seizes 
hese patients and the straining at the stool, to vhich they 
so prone, must be allayed This can be done bx’ judicious 
psychotherapy Sufficient sleep is most helpful The manx 
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hllle comforls which are accorded paUenta who have an^ 
serious illness cannol be overemphasized m these cases 

Drugs and Anlibwhcs —Among the sulfonamide drugs 
which to date haie been found to be useful because of their 
relative lack of toiaciti and therapeutic effectiveness for 
thrombo ulcerative cobUs are azosulfamide (neoprontosil) 
and certain compounds of sulfatbiazole It has been found 
that most of these drugs are best given in courses of two 
weelts followed b> a rest period of a week and then another 
course is gi\en for a sirndar period In this way 60 to 90 
grams (4 to 6 gm.) of azosulfamide (neoprontosd) can be 
given each twenty-four hours m divided doses to the average 
adult For children the dose will be correspondmgly smaller 
PhUialylsulfathiazole (sulfalhahdme) may be given m doses 
of from 120 to 240 grama (8 to 16 gm.) m twenty-four hours 
Although the toxicity of both of these drugs la shgbt, toxic 
reactions hai c been known to occur even witli these sulfon- 


amides When azosulfamide is used, it is particularly impor- 
tant to deterinmo the concentration of hemoglobin and the 
number of eiy Ibrocytes and loukocj'tes frequently, smee an- 
emia IS likely to occur while the drug is bemg admmistered 
Sulfatbiazole m doses of 45 to 75 grams (3 to 5 gm ) daily is 
well tolerated but careful watch must be kept for toxic effects 
Because of some similonties between acute thrombo- 
ulcerative colitis and rheumatic fever, the salicylates have 
been gi> cu therapeutic Inal m cases of thrombo-ulcerative 


colitis Vnnous imcstigalors have tried to prepare combi- 
nations of sulfonamide and sabcjlatc drugs and to this end 
salazopvnn has been prepared and is now distributed com- 
merciaUy m Sweden Our cxpencnces with this drug have 
Iwen rallier gratifying From 75 to 120 grams (5 to 8 gm ) 
a day can be gi\ en m divided doses in the same way that the 
other sulfonamides are adnutuslored 
In c^es of acute fulimnatmg ulcerative cohlis some of the 
otlicr drugs such ns sultadiazmo are indicated They should 
admimatcr^ m amiable concentrates so that at least 12 to 
drug ,8 found per 100 cc m the blood A sinking 
effect bos followed the admmislration of each of these dru^ 
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m selected cases Maximal results iviU be obtained when the 
drug of choice is used early m the course of the disease 
A chemotherapeutic agent cannot be expected to restore to 
normal the physiologic function of a bowel which has become 
contracted and deformed by a disease of long standing One 
may hope that the drug inll help control symptoms due to 
active infection 

Several antibiotics have been given a chmcal therapeutic 
trial m the control of the active symptoms of ulcerative colitis 
Penicillm is the only one which has proved helpful Its greatest 
therapeutic value hes m its admimstration to the very sick 
patients who have ulceratii’-e cohtis The mtramuscular ad- 
ministration of 50,000 to 60,000 umts every three hours to 
patients who have high fever, are passmg many bloody, puru- 
lent, rectal stools, are wastmg rapidly and have aU the con- 
conutants of a severe debihtatmg lUness often has resulted m 
a dramatic control of symptoms This antibiotic may be 
given over a considerable period of tune, at least ten days or 
two weeks In some cases as much as 100,000 imits every 
three hours is required More recently vanous preparations 
of pemcdhn, such as those prepared ivith calcium, have been 
given by mouth Other preparations have been put up m 
suppositories and have been given in this way So far no im- 
portant results have been achieved m adnumstermg pemciUm 
by any of these methods to severely lU patients vho have 
tlirombo-ulcerative cohtis Perhaps a better way of admimster- 
ing this antibiotic to these patients is in the oiling 

Results of tnal of streptomycin have not been encouraging 
in the treatment of this disease 

Oxygen — \yith the advent of the BLB mask and abi]il> 
to adnumster oxj’gen in concentrations up to 100 per cent in 
an eas^’^ manner, efforts were made to control the critical 
stage of this infection ivilh oxTgen Sinking umnediate help 
accrued to a few patients In these cases ox^^gen has changed 
.^a severe toxennc state with high feier, rapid thready pulse 
nd cvanosis to one of comfort, with decrease of temperature 
nd return of nonnal color to the fingers 
Transfusions — Blood max be given for several reasons 
(1) to fight the toxemia attendant on sepsis and depletion. 
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(2) for anemia and the wealsness following loss of blood, (3) for 
hypoprotememia or (4) for general debdily caused by disease 
of long slandmg Two to five transfusions of 150 to 250 cc 
each have much greater value than has one transfusion, or 
more than one, of 500 cc or thereabouts From three to four 
days should elapse between the transfusions of small amounts 
IrrigaUons and Inslillalions —My expenence, os well as 
that of many other chmcians, is that the good which may 
be accomphshed by the so-called disinfectmg imgatious is 
offset by the irritation they cause It is essential to remember 
that no matter how powerful a disinfectant is used for the 
imgation, the procedure will not eradicate the infection since 
the disease extends deeply through all the layers of the bowel, 
and at tunes mto the mesentery and even mto the blood 
stream Consequently, the most that is accomplished by 
mtestmal irrigation is cleansing of the surface, and that only 
for a few mmutes In cases m which there is much penanal 
infection, as there is m cases of fistula, imgation of the rectum 
ivilh warm physiologic sabne solution has given comfort. In 
those few cases m which such imgations seem mdicated, 
physiologic sahne solution offers as much as, or more than, 
solutions of sdver mtrato, mild silver prolem, acnflavme or 
an) of the many otlior solutions winch have been tned 
Wien the disease is confined to tlie rectum and sigmoid the 
careful insliUalion of a warm Ihm cod hver od, 1 to 3 flmd- 


ounces (30 to 90 cc.) at bedtime has been of considerahle help 
Instillations of powders such as bismuth, of ivitch hazel or of 
silica jel also seem to hare been employed with advantage 
uTien a massn c hemorrhage is occiirnng, instillation of 3 to 
ounces (90 to 120 gm ) of stardi, mixed with warm water 
and made mto a thick paste so that it just flows, mto the 
rectum, has been known to stop such a hemorrhage The 
a 'lion of 1 gram (0 065 gm ) of powdered opium to this 
alcnol has proicd of adionlnge 

Hcnioral oj Foci o/ Injection — Since foci of infection may 
ZZ infection of the bowel maj arise, 

^sible ones should be remoN cd if possdile TeeUi that hai c 
m suspicious looking or defimlcl) m- 

nsils slmuld be mnoicd Tlic lender nnd inflamed 
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rectal wall usually avjII prevent the massage necessary to clear 
up prostatitis Penanal infections, crj^ititis and papdhtis 
should he treated cautiously In general foci of infection 
should be removed while the disease is in the stage of re- 
mission, or at least of qmescence 

Parenteral Adminxslralion of Fluids — Parenteral adminis- 
tration of flmds is often necessary The solutions used are 
(1) physiologic solution of sodium chlonde, 9 0 gm of sodium 
chloride per hter, (2) a modified Rmger’s solution consisting 
of 9 0 gm of sodium chloride, 0 24 gm of calcimn chlonde, 
0 42 gm of potassium chlonde, 0 20 gm of sodium bicarbon- 
ate and 1,000 cc of triple distilled water, (3) duodenal replace- 
ment formula (DR) made of 7 0 gm of sodium chlonde, 
0 90 gm of potassium chloride, 0 34 gm of calcium chloride, 
0 28 gm of magnesium chloride and 1,000 cc of tnple distilled 
water and (4) modified Hartmann's solution consisting of 

4 8 cc of sodium lactate, 12 0 gm of sodium chlonde, 0 8 gm 
of potassium chlonde, 0 4 gm of calcium chloride and 2 liters 
of solution The mam constituent of all of these solutions is 
sodium chlonde m a concentration which is isotomc or shglilly 
hypotomc The last three solutions contain other ions which 
are helpful but perhaps of secondary importance Two other 
solutions used for parenteral adimmstration are 5 per cent 
and 10 per cent solutions of glucose m distilled water and 

5 and 10 per cent solutions of glucose m physiologic saline 
solution 

Parenteral adnumstration of flmds is indicated for dehv- 
dration, acidosis or alkalosis and m order to maintain tlic 
water balance, mineral balance and nutntion 

The patient who has not lost an abnormal quantity of fluid 
requires from 2 to 3 liters of fluid a day in order to maintain 
adequate urinary' output of 1,200 to 1,500 cc a day and to 
replace the fluid lost m s^^ eating As much as 3 liters ma> be 
lost by sv eating Hence a larger quantity of fluid should he 
given when loss by sAvealing is great, as in hot weather, in 
presence of high fever and so forth Patients who ha\e lost 
an abnormal quantit^i of fluid from vomiting intubation, 
severe diarrhea and so forth should receive the basal require- 





976 


J ARNOLD BARGEN 


Rn. abdoniinal mlestinal stoina iVden of considerable surgical 
experience postulated that this infectious process reached a 
stage at which the changes were irreversible and aaIicu the 
patient arrived at that stage an intestinal stoma, or perhaps 
even colectomy was indicated In some mstances this Avas 
probably true, but the time Avhen a chsease process has become 
irreversible is not knoAvn 

Certain late sequelae of the disease, hoiACA'^er, present 
definite surgical problems The prmcipal ones are polyps, 
neoplasms, stnetures, extensive perianal fistulas, localized 
perforations and abscesses of one kind or another Except 
for these and such essential operations as those for acute 
intercurrent surgical disease, surgical treatment should be 
used seldom 

The hope has recurred frequently that cure of this disease 
might be obtamed by deflecting the current of mtestmal con- 
tent out of the abdomen Various methods of doing this aa ere 
ined Ileostomy was found to be the procedure of choice 
Cattell put the problem of some of the patients suffermg from 
this disease aptly Avhen he said that “ileostomy is tlie' price 
(hat some patients must pay for hfe ” He, hoAvever, con- 
sidered the disease pnmanly a medical problem 

I tried to find out AAhat type of patient thrived best aajUi 
an ileac stoma, and so carefully analyzed the records of 
eighteen patients Avho AA'ere knoAATi to be hvmg fifteen to 
tAventy-four years after ileostomy Ten of the patients were 
\A omen and eight Avere men The aA^rage age of these patients 
at tlie time the ileostomy Avas made Avas tlurty-tAvo years 
The average duration of symptoms of ulceratiA’^e colitis prior 
lo ileostomy Avas four and a half years Thirteen of the pa- 
tients had the ileostomy because they had had intractable 
s^fUnptoms Avilhout any seA'ere exacerbations Four of the pa- 
tients were operated on for an acute exacerbation of their 
disease and one for a rectal stnclure and persistent perirectal 
infection Sex^en of the eighteen patients had colectomy after 
"^ileostomx and thus had no further colomc disease TJius in 
he majonty of these cases the disease had been present for a 
rclatiAch short period, the patients A\ere young adults and, 
therefore, more able to adjust their In'es to the handicaps 
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unpoaed by Ibe ileac stoma than older pataente Operation 

WM performed on most of the patients for chrome intractable 

^^t^tecomes obvious then that when the disease has ad- 
\anced so far that deoslomy is adnsable colectomy usually 
should be performed at a later date and as soon as the pa- 
tient’s condition ivaTranls In most cases it is iv ell to postpone 
colectomy at least snt or eight weeks after the ileostomy 
Medical management should proceed after ileostomy in the 
same mamier as before tlie operation and if medical treatment 
IS earned out carefully, there wdl be a few coses m which 
colectomy mil not be necessary and the ileac stoma can ho 
closed reasonably safely 


FROGROSIS 

Thrombo-ulceratn e colitis must be considered somenhat 
08 tuberculosis is considered, namely, as a regressiv e, destruc- 
tne inOommalion of the large mtestme m which, to stem the 
tide many measures must be brought into play , and the pa- 
tient as well as the physician must suffer long and bo patient 
Although the present treatment leaves much to be desired, a 
dislmct advance has been made oi er other pre\ loua endeavors 
The life span of patients who have thrombo-ulcerotive 
colitis may he matenally abbre\ualcd by the ravages of the 
disease. This malady can and does relegate a healthy, 
robust person slowly or relaVnely quickly to chrome inva- 
lidism and intense suffering By careful continuous manage- 
ment however, a person so condenmed rntlier often can bo 
restored to normal health and uselidncss It has been found 
with the passing of time that more and more patients make 
satisfactory rccovencs and arc restored to useful cilrzenship 
Once a patient has bad this disease, however ho may have 
to rearrange his mode of living for years to hi with reslnc- 
lions imposed on lum Jusi as certam factors predisposmc to 
the disease could be elicited, so also similar factors predis- 
posing to rdnpso of svmptoms ore at band 
Although the results ore not so sinking m the fulmmatmg 

SwWn ^"'Sress has been made 

nd whereas only a few years ago nearly all of the patients 
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of this group succumbed to progressive devastating disease, 
now most of these patients are saved, and interestinglv 
enough, when the patient with the fuhninating disease re- 
covers, he usually remains well 

Children of less than twelve years stand the illness poorh 
and the percentage of recovery when the disease has once 
caused much damage is relatively small Although the disease 
IS particularly devastatmg when it occurs during childhood, 
this does not preclude the hvmg of a normal span of life hy 
a child so afflicted From several studies it would appear tliat 
when a patient has surwved the first years of the disease, the 
disease tends to become milder, or perhaps, the patient be- 
comes progressively better able to tolerate the condition 
Among patients who ha'V’^e passed the age of sivly years when 
the disease begins, the proportion of recover)^ is the greatest 
and approaches 100 per cent As m most severe cliromc infec- 
tions, however, the onset is commonly in the second and third 
decades of life Patients of this age group are usually the 
sickest, yet they have a high percentage of satisfactory re- 
covenes Once they have recovered and remain free of re- 
lapses, their longevity should not be affected by the fact that 
they have had the disease 

COMMENT 

\Afflen the onset is insidious and when it is severe, the 
tendency is for the first attack to be mild or relatively mild 
and of short duration, the second to be less mild and of longer 
duration, and the next more severe and more intractable 
Thereafter the remissions between attacks become shorter 
and shorter until the patient is m continuous trouble Fur- 
thermore, when once an adequate program of management is 
established remissions become longer and exacerbations pro- 
gressively less severe and of shorter duration, if they occur 
at all, imtil finally the patient remains free of symptoms This 
thought must be impressed on the patient so that he or she 
may not be allowed to become discoiuaged and ^^^ll follow an 
"labbshed program without interruption and without trs’ing 
j take short cuts This is also true of the patient avIio has 
undergone ileostomy. 



present-day therapy of THROitBO-UECERATIVE COUTIS 979 


^VhlUaker and I analyzed the menial reactions and physi- 
cal condition of forty patienU from months to many yem 
after colectomy had been performed m order to determine the 
place of the large mtestme m the bodily economy We found 
that after habits are established, the patients inthoul colons 
can hve just as full and happy h> es as those who have colons 
No demonstrable physical deficiencies follow colectomy It 
does not disturb the physiologic equihbnum of the body 
generally or of the chemical constituents of the blood, except 
temporarily The terminal portion of the ileum becomes de- 
monstrably, although not markedly, dilated after colectomy 
A. general diet can bo taken Special care of the deac stoma 
becomes minimal Patients are able to resume their econonuc 
and social aclu itiea The same advice and precautions about 
oierdomg and prciention of nenc tension, giien to the pa- 
tient whose condition is controlled by medical means, apply to 
all patients who have had thrombo-ulceratii e cohus Occu- 
pations should be such lliat undue exposure to the elements 
and groat expenditure of nervous energy are not needed and 
adequate physical and mental rest con be obtained 
It vigilance is maintained after active symptoms have sub- 
sided, results may be excellent Again it may he said that 
there is analog;, between the course of this disease and that 
oC tuberculosis, and every patient who has hod a severe attack 
of ulcerative colitis is always a potential cohtis patient Re- 
lapses arc common if tlie medical regimen is not followed 
assiduously Tlie most common causes of relapse ore (1) in- 
fection of the upper part of the respiratory tract, (2) menial 
and physical trauma and (3) the hghtmg up of distant foci 
of infection 
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recent advances in the tbeatment of 

MEGACOLON 
J AlWOtD Basoen 

Primary megacolon or congemlal idiopathic dilataUon of 
the colon is a rdatu dy rare condition It is commonly de- 
lined as a dilatation and hypertrophy of a part of the colon 
or the whole colon which occurs in the absence of gross 
obstructive lesions Although this disease had been described 
previoasly, the first classic descnpUon was given by Hirsch- 
sprung, who defined the disease as **a condition of congenital 
high grade dilatation of the colon with thickening of all its 
tunics, especially the tunica musculans and retention of large 
quantities of fecal matter ’’ 

There is another form of megacolon which causes the same 
gross anatomic changes as the primary or congenital type and 
which occurs as the result of slowly progressive and chrome 
obstruction of the distal segments of the large mtestme This 
consideration deals primarily with the congenital form of Ibis 
disease. 

Praoticalli cieri conceiiahledc\elopmental, anatomic, ob- 
slnictii c, inflammatory mid neurogeme defect capable of pro- 
ducing dilatation of the colon has been given by various 
observers as a cause of pnmary megacoion* (table 1) 

Most clinicians do not beheie that anatonuc variations 
such as elongation of the sigmoid can account for congemlal 
megacolon The mesentery is not always elongated m cases 
of megacolon and there are many persons who hai e a redun- 
dant sigmoid and a long sigmoidal mesentery but do not have 
megacolon. 

Some of the defects listed in table 1 hav e been eneduntered 
onl> raTel> m cases of megacolon There is no consensus con- 
cerning the sito of the pnmnrj functional ohstrucUon m cases 
of congemlal megacolon. hut most observers bobev e that the 
rectosignvoui is the anatomic site of the dysfunction. Tv-picol 
congenital megacolon niov follow spasm of the sphincter 
Although mnamraaiojy changes ma> lie associated with 
megacolon. most authors agree that these changes are second- 

901 
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TABLE 1 

Causes of Piujiahy Meoacolon* 

I ]\Iecbanical causes (usually developmental) 

1 Extreme mobihtj of sigmoid (mesosigmoid too long) resulting in torsion 

2 Increased length of colon, particularly of sigmoid loop 

3 Mucosa of sigmoid thrown into valvcbkc folds as a result of redundancy 

d Kinking, angulation or adhesions at rectosigmoid 

5 Ov erdev elopment of sphincteric structure at rectosigmoid 

6 Spasm of sphincter at the rectosigmoid 

7 Aplasia of musculature of rectosigmoid 

8 Drag of a sigmoid ov'erload with meconium acting as a valve 

9 Partial atresia of anal canal, rectum or sigmoid 

10 Imperforate anus (partial) 

11 Congenital stricture of the rectum 

12 Spasm of anal sphincter duo to fissure, ulcer or other cause 
II Inflammatory causes 

1 Infectiv'c or inflammatory process involvnng the colon primarily 
III Deranged nervous mechamsm 

1 Abnormality in sympathetic innervation of longitudinal muscle fibers 
of colon 

2 Neuromuscular segmental defect in colon or paralysis of a segment of 
intestine 

3 HyToeracUnty of sympathetic innervation of distal portion of colon 
(rehef by lumbar sy rapathetic ramiscctomy ) 

a Anal achalasia 

b Achalasia of musculature at rectosigmoid (degenerative changes in 
Auerbach’s plexus) 
c Disease of sacral autonomic fibers 
d Vitamin Bi deficiency os cause of achalasia 

e Lack of propulsiv e motihty of distal portion of colon 

* Modified from Backus, H L Gastro-enlerology Philadelpliin, W B 
Saunders Company, 1946, vol 2, p 399 

ary to llie fecal retention and are not an etiologic factor in the 
development of primary’ megacolon 

It has recently been shown by ^WTiutehouse, Avho tooh his 
cue from the work of Robertson and Kemohan that tlie 
gangha of the myenteric plexus, particularly of the plexus of 
Auerbach, are absent m the rectal and rectosigmoidal regions 
m all cases of pnmary megacolon Tins is undoubtedly an 
important observation as far as the pathogenesis of pnmarx 
megacolon is concerned and directlv or indirectly forms the 
basis of the present treatment of tins condition 

TREATMENT 

Under this heading, I shall consider only primary' mega- 
jlon Numerous types of medical and surgical treatment 
have been employ'ed but rapidly JiaAe fallen mto ill repute 
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or have been found to be of questionable value I shaU con- 
ader only those uieasurea that appear to be of value in tbe 
treatment of this disease 

Medical Trontment —There are two groups of coses m 
^>.hlch medical management is mdicated and a tjurd, or nunor 
group, in which medical treatment also should be considered 
1 In cases in which the patients are not more than three or 
four years of age, medical treatment should be employed as 
patients of this age tolerate any operation poorly 2 Incases 
in which operation is to be performed, medical treatment 
should be employ ed to rehei e dehydration, malnutrition and 
anemia, and to empty tbe residue which has accumulated m 
the mteslmo for years 3 In cases m which the disease is 
mild, medical treatment seems to mamtain nutrition and a 
normal rale of growrlh Even in these cases, operation occa- 
sionally may he required 

A large number of drugs have been used in the treatment 
of congemlal megacolon. Acclyl-beta-methylcholme chlonde 
lias produced satisfactory results m some oases In some cases, 
no relapse occurred for three to mne months after admims- 
Iralion of the drug was discontinued A case in which death 
occurred from bromine poisonmg os a result of idiosyncrasy 
to the drug has been reported It has been found that pro- 
stigiiiino bromide augments tlio action of acetyl-beta-methyl- 
cliolmc chlonde, cluclly because it prevents tlie destruction of 
acolylcholme, tbe acUi c prmciplo of the drug by tbe esterases 
of the blood 


Synlropan (the phosphate of 3-dietbyl(mmio-2,2-dnnethyl- 
propylcstcr of tropvc acid) a pamsympathelic paralyzant 
winch has an action sumlar to that of atropine m mhibilmg 
Ibo blicration of acolylchohnc, has been found of value m 
certain cases. The physiologic ducrgcncc m these different 
types of drug therapy of congemlal megncolon mdicales tlie 
viiiecrtoin ground upon which sucli therapy rests. An excellent 
mipplemcuUin medical regimen is usually used m con,uncUon 

donTcirfrimttrnr 

dilatation onei- 

unted hi Hurst on ll.o basis of he, theory of anal achalnsfa 
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frequently has been employed m the treatment of megacolon 
The use of sympathectomy m the treatment of megacolon 
first was suggested by Royle and Hunter Avho noticed tliat 
patients with chrome constipation obtained relief when sym- 
pathectomy iras performed for spastic paralysis Sympathec- 
tomy has been performed relatively frequently for megacolon 
Since no single physician sees a very large number of patients 
with this condition m a lifetime, it is difficult to evaluate the 
results of this procedure on the basis of personal experience 
Since there are many anomahes, for example, macrocolon, 
which closely resembles megacolon, it is difficult to determine 
whether or not true megacolon always has been present in 
reported cases in ivhich good results have been attributed 
to sympathectomy Sympatbectomy is largely an empirical 
method of treatment Learmonth has suggested that it is in 
the nature of a flanking attack upon the condition 

Various techmes have been densed, mcludmg particularly 
presacral neurectomy, that is, the removal of the second to 
the fourth syonpathetic ganglia, inclusive This operation has 
some defense m that it infrequently results m stenbty m men 
and loss of function of the vasoconstnetor nerves of the legs 
which commonly occurs after other forms of syunpathectomy 
have been performed So far it seems that svmpathectomy is 
best performed on children who are about five or six years of 
age, provided the seventy of the dlness does not make it 
advisable to defer the operation until a later age It should 
only be used when conservative treatment has failed It is 
not recommended for patients m late childhood and seems to 
have httle value when performed on adults or patients v itli 
advanced megacolon 

There are two methods by vluch one can detenninc vhether 
or not lumbar s^mipathectomy vill produce a satisfactory 
result These are (1) the induction of sjnnal anesthesia and 
(2) the admimstration of acetyl-beta-methylcholine bromide 
Either of these procedures should cause active peristalsis and 
■^a copious hovel mo^ement if sympathetic inJnbition is an 
aologic factor m the production of the megacolon 
,/S-sunpathectomy is not alvays indicated m cases in vliicli 
^ these tests disclose sy inpatliclic inlnbifinn The results ob- 
tained vith sympalliectomv seem to Aary considerably Asith 
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the types of operation employed In most c^, sympathM- 
tom^ produces only temporary relief It is difficult to see how 
the thick and heai-y wall of the im olved mtestme can change 
^ery much after tliese changes have developed In cases in 
which sympathectomy has resulted m a gradual duration 
in the size of the colon the patients have been children the 
megacolon has not been well developed or the patients prob- 
ably have had macrocolon instead of megacolon. 

Subtotal colectomy seems to be the treatment of choice in 
eases of advanced megacolon. In cases in which great dilata- 
tion and hypertrophy of tlie colon have occurred no other 
operative procedure seems to yield satisfactory results Sub- 
total colectomy is mdicated in Uiree mam groups of cases of 


niegncolon 

In cases of segmental megacolon only a small portion of 
the colon is ini oh ed and the adjoining segments are relativ ely 
normal The raortahly rate is lower m Ibis type of megacolon 
than It IS in any other typo The lechmc of subtotal colectomy 
18 simple the results arc exceptionally good and apparently 
arc permanent There is no icndencv for volvulus to develop 


after operation, as is true m cases in which sympathectomy is 
performed 

Subtotal colectomy is sometimes indicated m cases m which 
sympathectomy and subsequent medical treatment have faded 
to produce satisfactory results 
It might 1)0 well to recall here that it also is sometimes 


mdicalwl m cases m winch megacolon is due to mechamca 
obstruction, and m whidi medical treatment or surgica 
rcmoi al of the obstruction has failed to produce satisfactor 
results I liclievo that Uiomortahty rale and results of subiota 
colectomy m this ty pc of megacolon arc about the same as the- 
are m megacolon wlucli is not due to mcchomcal obstmctior 
In addition to these three groups of cases, subtotal colei 
tomy usually should be employed m cases m which spini 
anesdiraia or the ndmmislration of ucclylcholmo apparentl 
has failed to reduce the size of Uio iniohed colon or to n 
establish penstahic actinlj In cases in which the patlen 

Bvlnllw. performed unle 

svmpathcclomv is mdicntcd 

In cases in whicli the pnlienis arc infants I do not liel. 


986 


J ABNOLD BARGEN 


that subtotal colectomy is justifiable unless there are compli- 
cations Avhich defimtely indicate the use of tlus procedure 

Preoperalwe Preparation — Patients Avho have congemlal 
megacolon frequently are dehydrated, malnourished and are 
suffering from hypovitaminosis, therefore, measures to relieve 
these comphcations should be employed before operation is 
performed If the physical condition of the patient is good, 
he should be given a relatively residue-free diet and plenty 
of hard candy If the patient’s physical condition is poor, a 
compromise must be made In this case, a low-residue diet 
should be employed at first but a relatively residue-free diet 
should be used for a short tune before operation is performed 
A saline laxative should be administered once or tAvice a day 
The dose should be based on the age of the patient and on 
the obstinacy of the constipation Castor oil, adniimstered 
m appropriate doses, is the cathartic of choice for emptying 
the colon in cases in which this proves difficult The colon 
should be irrigated tivice a day ivith physiologic salt solution 
TJie content of the colon should be aspirated by ivay of the 
rectum the day before operation and as often as necessary on 
the day of the operation 

It IS of the utmost importance to replenish the bodily 
reserA'e and nutntion of the patient before operation is per- 
formed The period of replemshment should not be cut short 
unless such a complication as vohuilus or perforation necessi- 
tates immediate operation In such a case, one must make 
the best of a bad situation Succmylsulfathiazole or phlhahd- 
sulfathiazole should be adniimstered in di\uded doses The 
total daily dose of succinylsulfathiazole should be 240 grams 
(16 gm ) wlule the total daily dose of phthalylsulfathiazole 
should be 180 grains (12 gm ) Streptomycin may enhance 
the value of tliese drugs 

COiAIPLIOVTIONS 

Volvulus is the most senous complication It fortunately is 
rare The operative mortality’^ for the correction of tlus edi- 
tion has been lugh In most cases the management may be 
xpectant Passage of rectal tubes of a arious sizes has been 
helpful m some cases, Colomc imgations administered Avhile 
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the patient is m the knee-chest position sometimes produce 
excellent results 

A second, much more common comphcation, which can 
cause untold discomfort and ma^ requne early operation, 
13 fecal impaction Tremendous masses of feces may be rolled 
up m the Tectum or other portions of the enlarged intestine 
I have reported a case m which the fecahth was the size of 
a large grapefruit and was laminated, which mdicated that 
It had been dei elopmg for a long tune The patient had been 
cognizant of its presence m the upper left quadrant of the 
abdomen for seicral years and operation became necessary 
for Its rcmoi al 

Penlomtis is another, but \ eiy rare, comphcation. It occa- 
sionallj 18 caused bv rupture of the bowel Its treatment agam 
inll usualli be expectant, and medical, for surgical mtenen- 
tioa for tlus comphcation is usually fraught with unwarranted 
nsk 
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rimrrAT CONSIDERATIONS OF THE PROBLEM OF 
^EXTRARENAL EXCRETION i PERITONEAL LAVAGE 

HoVNAM M OdET^ DE^nAW) 0 FEBBIS, and MASSCHBIiE H 
Pnm?n 


INTRODUCnON 

Acute renal failure and uremia occur fairlj frequently in 
patienls in whom irreversible renal changes cannot be demon- 
strated In this group of patients the mortahty rate, unfortu- 
nately, IS high because of the rapid and marked accumulation 
in the body of mtrogenous and other waste products which 
under ordinary circumstances would be cvcreted by the 
kidnej’s 

Mani such patients might recover, if a means could be 
denscd to dimmato tome end products of metabolism during 
the period of suppressed renal function. Such a means is 
niailablo m the form of peritoneal lavage The procedure 
Itself 18 basically simple, and it should be possible to carry it 
out with successful results in a high percentage of cases Yet, 
in patients in whom its use is mdicated, one invanably is deal- 
ing with disturbed electrolyte and fluid equibbnum and hence 
the procedure is fraught with numerous hazards and comph- 
calions We bdicie that many of these hazards and comph- 
cations can he on ctcome it certain fundamental principles are 
understood and carefulli olwervcd 


SIETHODS OF EXTRARENAL EXCRETION 


Tlic concept of promoting excretion of mtrogenous and 
other waste products by extrarcnal means m acute renal 
failure is not new The older textbooks of medicine ad\o- 
tated induced diapboTcsis and purgation as moans of elimi- 


nating urea and other metabolites from the body in cases of 
renal msufficicncN In recent years such methods have fallen 
into disuse liccausc the mnount of mlrogon rcmo\ ed from the 
bodN through sNNcalmg is not great enough to plav any sig- 
mfiwnt role in reducing high Icn els in the Wood, and because 
Imlh methods tend to weaken and dehydrate the patient 
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The reciprocal or exchange transfusion method, suggested 
first by Nyiri in 1926, and later by Thalhuner, Solandt and 
Best after exhaustive studies on nepbrectomized animals, was 
abandoned as undesirable for cbmcal use after it Avas shown 
to require an mfimte number of transfusions to lower sig- 
nificantly the mtrogen levels m the blood of the subject, and 
because of the hazard to both donor and recipient associated 
Avith Its use 

Plasmapheresis, m Avhich procedure uremic blood is drawn, 
the plasma is separated by centrifugation and the a\ ashed 
erythrocytes are returned to the body suspended in a physio- 
logic solution, hkewise has been discarded as a possible means 
of extrarenal excretion because of serious depletion of plasma 
proteins resultmg in a decrease of the colloidal osmotic pres- 
sure of the blood and development of edema 
Attempts to substitute for the kidneys, therefore, resolve 
into two categories those in which the blood is passed through 
tulles of semipermeable matenal outside the body, “eYtemal” 
or “extracorporeal dialysis ” , and those in which a thm natural 
membrane, such as the mucosa of the gastro-intestmal tract 
or the peritoneum, is used as the diffusmg surface, “internal 
dialysis ” 

BASIC PRINCIPLES OF DIALYSIS 

All attempts to substitute for the failmg kidneys by dialysis 
are based on several physiologic and physicochemical prin- 
ciples, accurate, detailed and complete elaboration of which 
is beyond the scope of this discussion Hmvever, m general, 
the folloAvmg four statements seem to be applicable 

1 Crystalloids in solution aviU diffuse across semipermeable 
membranes in a way Avhich tends to equabze the concentra- 
tion of each substance on both sides of the membrane In 
other Avords, if a dialyzing membrane separates tAvo different 
substances in solution of equal molecular concentration, the 
substances m these solutions ultimately aviII diffuse across 
the membrane so that at the end of dialysis, they aauU be m 
\equal concentration on both sides of the membrane If tvo 
ilutions contaimng diffusible substances in imcqual conccn- 
I dtion arc separated by a membrane, the diffusilile particles 
AAill eventually reach identical concentration on both sides of 
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tie membrane, but liero vnW be a temporary abift of water 
toward tie side of iigber concentration, proportional m 
omount to the increased osmotic pressure which the more 
concentrated solution hod originally 

2 Colloids such as protem molecules ordmanly will not 
diffuse across a scmipermcablo membrane In general, if such 
a membrane separates a solution contammg a nondiffusible 
sulistance on one side and a solution contaimng a diffusible 
substance on the other, the concentrations of diffusible non- 
clccliolyte substances per umt of water on each side of the 
membrane mil eventually become equal, but their concentra- 
tions per unit of volume will be somewhat less m the solution 
conlaining the nondiffusible substance In addition, the con- 
ccnlralions of electrolyte substances iviU be further niodilied, 
depending on the nature of, and Uie charge on, the nondif- 
fusiblc subslanco (Donnan effect) 

3 In the normal hidnej , water and crystalloids fdter across 
the wall of the glomerular capillaries to produce a glomerular 
Cllmle similar in all respects to blood plasma except for the 
absence of protein. Large quantities of water and certain 
ciystalloids needed by the body are sclectivdy reabsorbed 
by the tubular system 

1 Siuco llic action of glomerular filtration is considered to 
be a purely physical one, it should be possible to substitute a 
scmipcnncablc membnme for the glomerular filtering surface 
There can be no sulistilutc for the selective resorptive func- 
tion of the tubules, but the necessary water and crystalloids 
iiliich Iho tubules ordmanlj would conserve can be replaced 
bj parenteral routes 


EXTEnNAL DlAEVSlS 

Ilomitrco and Turner -ncro tlio first to de\n 80 a 
mcUiod for rcmming certain substances from tbo blood by 
inenns of external dinljsis Their apparatus consisted of a 
do^ TOntaincr enclosing a bmnebed system of celloidin 

i tubes into the 

mil ring fluid in nhith the tulics sere immersed jVb ner 

fusing fluid Abel Ummree and Turner used sodium cblonde 
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m 0 6 per cent solution, since they noted tlie appearance of 
penpheral edema if sodium cliJoride in 0 9 per cent solution 
was used Successful m the laboratory, their method was not 
found to he clmically practical OAiing to the toxicity of the 
anticoagulant leech evlract, hirudin, which was necessary for 
successful operation of the procedure 

Haas,2^®2 Necheles,®° and Thalhimer” later constructed 
external dialyzers utilizmg the principles descnbed by Abel, 
RoMTitree and Turner, and emplo^nng collodion, tubes of 
peritoneum, and cellophane as dialyzing membranes 
With the development of hepann as a nontoxic anticoagu- 
lant, interest in exlemal diglysis as a means of treating renal 
insufficiency in humans has been revived, and this mterest 
has been fostered largely through the work of Kolff and co- 
vorkers,"*^’^^ Murray, and Alwall, all of whom, ivorkmg inde- 
pendently, have further developed the “artificial kidney.” 
These three machines, while differmg m construction and in 
operational details, employ essentially the same fundamental 
prmciples AJl three utilize as a dialyzing membrane cello- 
phane tubing wound around a cylmder immersed in a tank 
contaming a physiologic solution Heparmized ureimc blood 
IS passed from a cannula m an artery (Kolff,'*- Alwall) or a 
vein (Murray), through the apparatus, and blood punfied by 
dialysis is pumped back into the body by means of a cannula 
m one of the penpheral veins 

JOTERNAL DIALYSIS GASTRO-INTESTIN^\L TRACT 

Utihzation of different portions of the gastro-mtestmal 
tract for dialysis has been attempted by numerous investi- 
gators Ochsner, and Vermooten and Hare, hai'^e reported 
that by contmuous gastric lavage, they vere able to remove 
substantial quantities of urea mth subsequent decrease of 
blood urea nitrogen lei'^els and restoration of nonnal or near 
normal electrolyte balance m azolemic patients Bliss, Kastler 
and Nadler vere able to demonstrate consideralile amounts of 
urea m the vonutus of urenuc animals Hon ever, thev ex- 
pressed tlie opimon tliat the prospect of gastric lavage as a 
"tisfactorx* means of extrarenal excretion is not encouraging 
since, although sizable quantities of urea and other metabo- 
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hies can be remoi ed by this route, m cases of uremia nitrogen 
accumulation exceeds the maxunal rate of removal 

Goudsmit passed a modified mulldummal tube of the 
Millcr-Abbott t^iie into the upper part of the jejunum m^ 
3 xoluntcer normal human subjects and m 2 patients with 
far-ad\anced renal insufficiency A balloon placed immedi- 
ately proximal to the tip was then inflated and a hypertonic 
solution of sodium sulfate was introduced at regular intervals 
througli the tube The aierage \olome of flmd remoied was 
655 cc per hour m the normal subjects and 399 cc per hour 
in the patients Average urea concentration of the fluid re- 
moi ed was 93 per cent of that m the blood m normal subjects 
and 75 per cent m the patients In one patient, 3,300 cc of 
fluid, containing more than 10 gm of urea, were removed m 
the pcnod of one hour No sigmficant changes were noted 
m the concentration of urea m the blood Auguste concluded 
after duodenal dramage m a senes of patients sufTermg from 
urcnua that the lolume of duodenal flmd m tlie uremic pa- 
tient exceeds by one and a half to tn o tunes that in a normal 
subject, and tliat both tho chlonde and urea concentratrrs 
were Ingbcr in such fluid In this manner, be treated 4 
patients sutfonng from far advanced chronic nephntts reress- 
mg the drainage four hours daily o\er a Ions pemi. fz uL 
cases tliero was noticeable clinical unproi emenl trr-j 
of blood urea levels, although the amount of 7^ 

Hus manner \ nned between 1 0 and 1 A gm, 

W lute and Harkins, after conlinnous c-fixsi-r 
tome fluids of isolated high micsiinil 
urenne by bilateral ncphrecloim ^ 

dure resulted in the removal of fem'-nm - 
bul did not apprcaablv prolocz — r 'n-is_ 

allliough the average tenmnj rc 
low cred by aliout 26 per omt j- X -XX ^ i wra 

gen removed vnned fren 
imgatcd per hour P 
mullilummal (ubf 

attempted coiul, . X'X^" ^ mrre 

'C'lmc m i,ef,i v smsE Sr- 
Tdiictioac'T r r -r 
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liters of perfusing fluid were used over a six hour penod, and 
found the nnsmg fluid after perfusion to contain 4 3 to 5 4 gm 
of nonprotem nitrogen 

Fine, Frank and Seligman tned continuous irrigation of a 
loop of ileum m one of their cases, but found so poor a clear- 
ance of blood urea by this means that they estimated that 
perfusion of a loop 200 inches (5 meters) long would be re- 
quired to achieve a blood urea clearance of 10 cc per mmute, 
the approximate clearance necessar^’^ to avoid the develop- 
ment of uremia Perfusion of magnesium sulfate m 50 per 
cent solution through the loop was ineffective m increasing 
flmd and urea output, and resulted in nausea and vomiting 
Kolff^® has attempted a similar procedure and reported more 
favorable results He foimd that the urea concentration in the 
perfusion flmd varied im'^ersely Avith the rate of flow of fluid 
through the mtestmal loop With a rate of flow of 1,000 cc 
per hour, an average ex'cretion of urea of 0 48 gm per hour 
was obtamed, although there was a gradual rise of the blood 
urea level 

Oppenheimer and Rosenak have reported a case recently 
in which irrigation of the upper part of the small intestine 
was performed through a Miller-Abbott tube weighted at the 
end, with resultant decrease of blood urea mtrogen from 
107 mg per 100 cc before lavage to 46 mg per 100 cc after 
lavage We have tned lavage of the small intestine m a 
severely uremic patient suffenng from advanced chrome 
glomerulonephritis, using a bilummal tube, the infloAV lumen 
being 3 feet and the return lumen 9 feet m length “ Passage 
of the tube nas exi-remely difficult oiving to the patient’s 
imtability and reverse peristalsis of the upper part of the 
gastro-mtestmal tract Introduction of perfusion flmd into 
the short lumen, the tip of which was placed m the second 
portion of the duodenum, mvoked vomiting so severe that 
all except 4 feet (122 cm ) of the tube nas regurgitated into 
the stomach Further, although continuous suction was ap- 
phed to the return lumen, tlie flmd introduced apparentl> 

. pidly passed the distal tip of the tube, for inconsequential 

lounts of fluid were obtamed through suction, vhereas the 
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patient had several copious ifvotery stools unmedialely after 

tbe attempt , , . , , n 

Lansberg and Szenkier performed high colomo lavage mth 
tapwater in rabbits made uremic mth uramum mtrate. After 
lavage for thirty mmutes, 201 mg of urea were recoi ered m 
the vrasbrngs, with leducUon of the blood urea level from 
220 to 180 mg per 100 cc of blood A second uremic rabbit, 
after lavage for sixty mmutes, showed marked recession of 
uremio symptoms, and the perfusion flmd was found to con- 
tam 230 mg of urea Tlie mipression of Lansberg and Szenkier 
was that the level of urea m the blood does not represent a 
measure of the seient^ of uremia, and that the improvement 
shown resulted, not from the removal of urea, but from re- 
moval of large amounts of toxic substances from the colon 
(oresols, indican) which, they fell, are more important m the 
pathogenesis of uremia than urea KollP* attempted colonic 
lavage through an appendical stoma m 2 patients, but found 
the concentration of urea m the perfusion fluid to be so small 
os to mdicate to him that this method has httle practical 
unporlance as a method of dialysis We have tned lavage of 
the colon m the same manner on a patient suffenng from 
terminal chrome glomerulonephritis, and are fn accord with 
KoKTs observation that the concentration of urea m the 
waslungs from the bowel is too small to render this method 
olTeclivo m the treatment of uremia ” 

It 18 opimrcnl from the foregomg discussion that, while 
extensive studies, both expenmental and clmical have been 
earned out, there is a indc variation in tlie results obtained 
b> different investigators using different segments of the 
gastro mtcslinal tract. Furtlicr study is needed m order to 
clundatc more diarl) the mtercliango of flmds, declrolytes 
and Ollier ciyatalloids across the wall m different segments of 
Uic gastro-mlcsiinal tract, and the application of the mfor- 
malion Uius obtained to the treatment of renal insufficiency 


INTEHNAL DIALYSISi rEniTONElTM 

'Hic pentoneum has long been rccogmied os an excellent 
dinb zing mcmhrauc with a fdlenng surface of approxnrnitd) 
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22,000 square centmieters®“ in the average adult, compared 
ivith an approximate glomerular filtenng surface of 15,000 
square centimeters 

Experimental Studies on the Physiology of the Peri- 
toneum. — Since an understanding of the fundamental physi- 
ologic prmciples on which peritoneal lavage is based is of 
\atal importance if all precautions are to be taken to avoid 
disaster, we heheve it is important at this pomt to renew 
bnefly some of the early ex-permiental observations on the 
physiologic hehanor of the pentoneimi and some of the ex- 
perimental studies done on peritoneal lavage as a means of 
treating urmary suppression and uremia before the practical 
clmical considerations of the techmc are descnhed 
' It has been sho-wn by von ReclJinghausen, Orlow, Hertzler, 
Clark, Putnam, Darrow and Yannet and others^® that 
6rystalloids, as well as particulate matter such as India ink, 
certain dyes, nulk, bacteria and erythroc^des, are freely ab- 
sorbed from the peritoneal cavity Von Kor^yi, and Meltzer 
and Salant, noted increased rates of absorption from the 
peritoneal canty in uremic animals, and were able to demon- 
strate increased osmotic pressure of the blood of such ammals 
Fleischer and Loeb^®“‘^ found that anythmg which increased 
^ihe osmotic pressure of the blood mcreased the rate of ab- 
sorption of cr^^stalloids and water from the peritoneal canty 
Qrlow observed that injection into the peritoneal canty of 
solutions containing 0 3 per cent sodium chloride resulted m 
an mcrease of salt content although the solutions decreased 
m volume Salt solutions of a concentration of 1 5 per cent 
or more caused a marked transudation of fluid from the blood 
stream but a nse of plasma chlorides Solutions contaming 
0 4 to 15 per cent of sodium clilonde dimimshed m % oluine 
m three hours and tended to approach the chlonde concen- 
tration of blood serum Intravenous injection of hypertomc 
salt solutions hastened absorption of peritoneal fluid and dif- 
fusion of salt from the blood stream 

Clark demonstrated that the rale of absorption of a sub- 
stance across tlie pentoneal membrane is proportional to the 
rate of diffusion of that substance Vflien a solution of sodium 
chloride r as introduced, because the rate of diffusion of chlo- 
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Tide IS greater than the aterage rate ot diffusioii of the con- 
sUtuents of the blood, a fairly rapid rate of abso^^on of 
Quid occurred early, ivbereas, later. Tanous slorrly fusible 
substances entered the pentoneal fluid from the blwd stream, 
and as the osmotic pressure of the pentoneal fluid increased, 
absorption of water became slower On the other hand, n 
glucose, nhich has a low rate of diffusion, was mtroduced, 
since the rate of diffusion of the substance m the pentoneal 
canty was lower than that of the constituenta ot the blood, 
crystalloids entered the pentoneal fluid more quickly than 
they left it, and the osmotic pressure of the pentoneal flmd 
increased Because of this, httle or no absorption of fluid 
occurred Clark also showed that the rate of absorption of 
solutions across the pentoneum was increased by a warm 
solution and was retarded by a cold solution This phenome- 
non he asenbed to dilatation of blood vessels mcreasmg the 
eOictoncy of the dialyzing membrane. He was not able to 
demonstrate any difference in the rate ot absorption of acid, 
neutral or alkaline solutions 

Putnam has shown that solutions of sodium chloride of less 
than 1 per cent concentration era tolerated well by ezperi- 
nicntal ammols, although they may bo uncomfortable for an 
hour or two, i omit frequently mid pass large quantities of 
unne Such solutions show progressiva decrease of volume 
and contain -various crj-slalloids such as uvea and glucose, 
whereas the chloride concentration tends to approach lliat of 
blood plasma Iljperlomc soluticms of sodium chloride, in 
concenUations greater than 1 per cent, were found to be 
tolerated poorlj and were painfii} Anmials rccciimg hyper- 
tome solutions passed largo quantities of unne and frequently 
died wiUim two hours showing at autopsy subcutaneous 
edema, dilated hearts, wet lungs and marked’mjection of the 
pcriloncuiii 

Scliccler. Cary, Corpcnlieri and Darrow injected various 
solutions mlrapcritonenllj and analyzed the changes m com- 
iwsitiou of these soluuons at tlie end of a specified time Aft er 
the ’«JWtion of 0 9 per cent solution of sodium chlonde, thev 
found hat the content of total base rcma.notl constant ibo 
niiiomil of chloride dccreasetl, and hicnrlKmatc appearwl m tlio 
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fluid WTien a solution of sodium chloride, sodium bicarbonate 
and potassium m proportions resemblmg that of interstitial 
flmd was used, they noted a slight decrease of bicarbonate 
and the appearance of undetemnned acid ions Hartmann’s 
solution changed m that the lactate content decreased as the 
amount of bicarbonate mcreased 
D arrow and Yannet later studied the effects of mtrapen- 
toneal mjection of a 5 per cent solution of glucose The solu- 
tion changed less than 10 per cent m volume durmg the 
observation period of three to sia hours There was, hov ever, 
a reduction of plasma volume as evidenced by a concentra- 
tion of plasma protein There was also a reduction of plasma 
chlorides and sodium, as well as a reduction of protem con- 
centration m the erythrocytes with very httle change of total 
body water Symptoms and signs of dehydration appeared 
Darrow and Yannet felt that this phenomenon was due to 
shift of extracellular water into cells, producing dehydration 
of the extracellular fluids and hydration of the mtracellular 
space produced by loss of salt from the plasma mto the peri- 
toneal canty WTien a 1 8 per cent solution of sodium cldonde 
was mjected, there likewise was httle change m the volume 
of peritoneal fluid at the end of the observation penod Tliere 
was, however, mcrease of extracellular electrolytes mth httle 
change of body water and few symptoms except thirst Fur- 
thermore, there was foimd to be an mcrease of plasma volmne 
accompamed by an increase of the concentration of cldondes 
and sodium m the blood serum, decrease of plasma protein, 
and mcrease of concentration of protein m erythrocytes oiving 
to loss of cellular water This they explamed on the basis of 
a sluft of water from cells into extracellular spaces producing 
dehydration of cells and hydration of extracellular fluids 
Curtis and Pacheco perfused distilled vater and otlier 
cliloride-free fluids through tlie peritoneal canty of rabbits 
The use of distilled water mcreased the respirator}" rate vitliin 
one hour, foUoved by generahzed muscular twitching, coii- 
NTilsions, anuna and death of the ammal vithm tvo to li^c 
hours There ivas marked depletion of plasma chlorides, the 
carbon dioxide combinmg poiver of the plasma decreased, 
with a rise of- the urea and nonprotem nitrogen lei els fol- 
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lowed by obguna and anuna There was no evidence of 
hypoglycemia and the addition of 0 12 per cent of glucose 
to the perfusate was of no benefit INTien Ringers solution 
with glucose was used, there were no muscular twitchmgs or 
convulsioiis, and after eight to nine hours of perfusion the 
anunals were in good condition Plasma chlorides were ele- 
vated and there was a contmuous flow of urme The use of 
0 9 per cent solution of sodium chloride maintained the 
animals m good condition, there was a contmuous flow of 
urme, the plasma chloride and carbon dioxide combinmg 
power remained withm normal limits, and there was slight 
decrease of nonprotein nitrogen and urea levels m the blood 
The use of 4 2 per cent of glucose produced hypochlorenua 
and hyperglycemia with sunilar symptoms to those mduced 
b> the use of distilled water The addition of 0 45 per cent 
of sodium chloride to the solution resulted m a nse of plasma 
cblondes and marked symptomatic improvement Curtis and 
Pacheco concluded that the loss of sodium chlonde was a 
factor of prune importance in Rie development of a fatal 
outcome from hjiiochlorenna and staled that this could be 
blocked by adding sodium cldondo m proper concentrabon 
to the perfusate or by giving it intravenously 
Prom tlie foregoing expenmental data, it will be seentiR* 
regardless of whetlicr a natural or an artifinal meaiirsttu r 
used, llie composition of the flmd with wbidb Si &s. i/if 
IS of the utmost importance, smee, acconimr 'i 
properties of membranes, each ciystalloid ^ 

fuses through the membrane from lb" jud*- u' " 

Imlion to the side of lower concenbR'jiiJi. 
liclief that fluids and ciystalloids fle-v i,;. 
tbtfusion until osmotic balanco 
sorption lakes place ihroujdi pi „ 

cells IbcmsclMs Cunmnrbim ‘ } -t 

degree of absorpbon -v ,,, “ r. r 

bo ciplamed on tbo be , 5 * 1 
and diffusion. ajA ^ ^ r ^ 
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water will diffuse into the blood, and if it is made hyper Ionic, 
water inll leave the blood 

Putnam stated that the Imng pentoneum resembles essen- 
tially a dialyzing membrane Avith holes punched m it vliich 
permit a seepage of larger molecules than usually would dif- 
fuse through a dialyzing membrane and that the diffusion of 
molecules through the pentonemn occurs more rapidly than 
Ruth ordmary dialyzmg membranes TIus seepage occurs more 
readily m the direction of the blood plasma tlian m the 
direction of peritoneal flmds If one adds to tins the experi- 
ence of Fleischer and Loeb^®"-^ that peritomtis alters the 
direction and rate of flow by introducing the comph eating 
factor of transudation or exudation, plus the fact that uremia 
is accompamed by an increased osmotic pressure m the blood 
which hastens absorption from the peritoneal canty, one has 
a fairly comprehensive picture of the pentoneum as a dia- 
lyzmg membrane, and of the complexity of the problems in- 
volved m mamlammg correct flmd and electrolyse balance in 
the body 

Ohnously, then, the success of any artificial kidney will 
depend, not only on the practicability of tlie mechamcal 
arrangements, but also on the compoundmg and use of a 
suitable perfusing flmd 

Expenmental Studies on Peritoneal Lai age in the 
Treatment of Uremia. — Earlier mvestigators who used the 
peritoneum as a dialyzmg membrane failed both experiment- 
ally and chmcally m the treatment of uremia, largely because 
of a poor choice of solutions Many attempts had been made 
to treat both experimental animals and urermc patients by 
peritoneal lavage but results to date have been only partially 
satisfactory, apparently largely on mg to the fact that iiater 
and electrolyd.e balances were not sufficiently considered 

Rosenak and Sin on in 1926 made dogs uremic by neplirec- 
tomy and noted great decrease of blood mtrogen levels and 
distinct chmeal improvement after laiage of the pentonemn 
Ritli 5 per cent solution of glucose They felt that results ob- 
tained nere more favorable than those obtained from dialysis 
of blood through a dialyzmg membrane outside the body 
Yon Jency concurred in the findings of Rosenak and Siwon 
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CUMCXL COXSTDEBATIOXS OF EX-TRAMTSAl. 

Ilut learned that sodium chlonde solution i\ as needed in place 
of glucose for transpentoneal dial>sis in order to clieck fur- 
ther loss of chlonde in a clinical condition (uremia) already 
assonated mth depleted plasma chlorides due to i oimling 
and diarrhea Similar resulls coidd he obtained by using tlic 
Same solution as Rosenak and Siwon had used and rcplacmg 
depleted plasma chlondes by the parenteral route 
Bhss, RasUer and Nadlcr made animals ureimo by noplircc- 
lomy, ureteral hgution or administration of uranium mlrnto 
They mtroduced 750 cc of a solution of balanced sails into 
the peritoneal cainty, allowed it to remain ten nnnules and 
then allowed it to flow out by gravity Five to twenty wush- 
ings were earned out m one expenment and at Uio Icrniinatioii 
of Uie cxpenmenl there had occurred prompt and dronialif 
decrease of mtrogen retention, in one aniinal from 100 to 
80 nig per 100 cc in tlirce hours Some of the Irculcd oninmlK 
died, apparently from massiio pcnphcral and pulnninary 
edema Bliss and his associates were able to identify ti/e**, 
sulfate, phosphate creaUmne cxcessn c amounts of dilwid*- 
and traces of protein m the perfusing fluid rccoiered 
llaam and Fine repeated the cxpcriincnls of Bhss 
and Nadlcr after rendenng ralilnls nnune by o-i 
of mercunc cMondo No hydremic chnngi-, w ti..- 
oliscncd, al though tlio weight of 0,^ ^ 
slightly dunng the evpcnmcnl. Ohsc-nt^v ^ 
nitrogen levels in tlio lilood oflu- h 

Blmlcd tlml the innxmml dilTufiioji r/ I, ^ 

ln\ ngc fluid occurs m two to four L j~i 

role of diffusion occurs wh'fi 

KigmricnnlU elciatcd 
Schgmnn, Frank and , 

imgnlion in a senp, ^ j Ivi/eri 

clcnrmiro of urea s.-ry, ^ e 

iht ran of >• -r r- - 

ejcnninte laluM ^ ^ ^ ui^v'naC 

Dial iirei,;,^^ ‘ JJ- ■>- i -ro-d: 

omenlaw JT” " I'm! caien "ue 

'^'hOje^ - S3cC*n^ 

urea rj*a-,f 

e <■ * a 
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the animal m the supme position They found urea clearance 
values after imgation of different segments of the gastro- 
intestinal tract to be best in the jejunum, amountmg there 
to about 10 per cent of renal function, whereas irngation of 
the pleural cainty resulted m a blood urea clearance of about 
a third that obtamed by peritoneal lai’^age 

Abbott and Shea have carried out extensive investigations 
on nephrectomized ammals m an attempt to determine 
(1) whether continuous or mtermittent lavage was most 
efficient, (2) m the case of the latter method, how long flmd 
should remam m the peritoneal ca^^ty, the best method of 
mjection, and the optimal frequency of mjections, and (3) the 
selection of a proper solution Their studies substantiated data 
preiuously reported by others in that the use of solutions not 
containing sodium chlonde resulted m severe depletion of 
plasma chlondes, evidence of dehydration, hemoconcentration 
and shock, whereas use of flmds m which the chloride concen- 
tration was greater than that of normal blood plasma resulted 
m increase of plasma chlorides, depletion of plasma carbon di- 
oxide combimng power, evidence of hemodilution and edema 
Their studies revealed that intermittent mjection and Avith- 
drawal of a solution ha^'mg,a chenucal composition similar to 
that of interstitial flmd made h^-pertomc by the addition of 
dex'trose were most desirable, a trocar being used through 
which a rubber catheter could be mtroduced 

Clinical Observations on Peritoneal Lai age. — Ganler 
in 1923 was the first to employ peritoneal lavage, “internal 
dialysis,” chmcally, as a means of treating renal msufiiciency, 
and a number of reports of similar chmcal Inals have ap- 
peared in the hterature smce that time Withm the past ti\o 
years, there has been increasmg mterest in this procedure by 
both physiologists and chmcians, omng largely to the im- 
petus of the excellent experimental and climcal reports of 
Fme, Frank and Seligman 

Indications — Indications for the use of pentoneal lavage 
are those situations associated with acute urmarj" suppression 
xi the basis of temporar>^ renal damage Transfusion nith 
mcompatible blood, sulfonarmde intoxication, severe burns, 
poisoning vuth hea\^' metals or other drugs, toxemia of prcg- 


CLINICAL CONSIDERATIONS OF EXTRABENAX EXCRETION 1003 

nancy the "crush injury syndrome," hemolytic reactions, 
shock, cerlam urologic and surgical procedur^ idl may 
duce acute renal failure and uremia which should be amenable 
to artifimal removal of waste products with ultimate lecovery 
of the patient Acute glomerulonephritis and acute pyeloneph- 
ritis with anuna may m some instances be mcluded m this 
category Recently, it has been shown that methyl alcohol 
diffuses readily across tlie peritoneum and pentoneal lavage 
therefore has been suggested as a method for the treatment 
of acute methyl alcohol intoxication.' From the standpomt of 
therapeutic value, patients who have renal failure and uremia 
Bccondaiy to advanced orgamc renal parenchymal damage 
should ho considered as unsatisfactory candidates for pen- 
loneal laiage, because, although lemporaiy alleviation of 
symptoms with regression of laboratory evidence of azotemia 
maj occur during tlie Image period, signs and symptoms of 
progressive renal failure and uremia again ensue as soon as 
the procedure is terminated The mtnnsio risk and hazards 
attending the procedure are sufficiently great to make its 
justification for use m such cases debatable 
ItcMcw of the LilcraUir© — Prognosis — Insofar as we 
liBio been able to dclcrmme, data on 53 cases of renal m- 
sufficicnci and uremia in which pentoneal lavage was at- 
tempted ha\o been reported m the literature from 1923 to 
date (table 1) nllliougli undoubtedly there have been un- 
roported instances m which pentoneal lavage has been tned, 
cither aucccssfidl^ or unsuccessfully Of the 53 patients, 13 
bad Bcnous orgamc disease mlh ndianccd irreiersible renal 
damage as indicated by the diagnosis Ele\ on of the 13 died 
soon after peritoneal laNage was msututed and the fate of 2 
IS unknoivn alUiough with the diagnoses slated one would 
assume an uUimatclj fatal outcome In 13 cases, the diagnosis 
IS unknoini although the outcome m 10 of these has been 
mported as unsucccsatul In the 27 rcmaimng cases m which 
the diagnosis mdicalcs possibly reversible renal impairment. 
] 3 reem cncs liai e licen reported (48 per cent) 

AUroseii Excretion —Of the 53 cases reported, mtemuttent 
Image has cmplojcd m 27 cases with Image penods of 
uro ,0 eight hours' duration, repeated m some “o 
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TABLE 1 

Cases of PEivrroNEAL Lavage Repoeted I^ the LiTEnAxunp 


Year 

Autlior 

Cases 

Diognosis 

Outcomo 

1923 

Oaotcr 

1 

Chronie nephritis 

IMunnai 

1927 

Heuaser and Werder 

.. 

3 

fSot stated 

Not stated 

Not stated 

Died 

Died 

Died 

1934 


•) 

Mercufio chloride poisoning* 
Mercuric chloride poisoning 

Died 

Vied 

1938 

\\ ear bisk, and Tnnklo 

5 

CoTCiDoma of bladder 

Carcinoma of bladder 

pertrophied prostate, obstruc- 
tion 

Bilftiem! hvdroncphrosis 

Renal and \eslcal calculi 


Rhoads 

ft 

Ufabetes chronic nephnUs 

Renal calculus Ddranced nephritis 

Died 

Died 


Fine Frank and SoUg 
man** ** 

4 

Corctnoma of cervix uretcrol obslruo- 
hOQ 

Transfusion with incompatihlc 

blood 

Transfusion with incompatible 

blood 

Sulfonamide Intoxication 

Died 

Died 

Died 

Recovered 

Wciss and MiUs 

I 

Hypertensive cardiovascular renal dis- 
ease 

Died 

III M iiiiiM' mm 

1 

Chronic ncphntis 

Unknown 

Reid Penfold and Jones 

1 

Transfusion with incorapntiblo 
blood 

llcoovcred 

1947 

Smith and blares 

4 

Transfusion with incompatible 
blood 

Postoperative bomolytlo reaction 
Sulfonamide intoxication 
Prostatism; oliguria 

llcco\crcd 

Died 

Recovered 

Recovered 

Goodyear and Beard 

1 

Transfiutoo wjth incompatible blood 

Recovered 

Muirhead and others^? 

3 

Transfusion with incompatible 

blood 

Postoperative bemolytlo reaction 
Tronsfuslon with IncompoUble 
blood and postoperative shock 

Recov ered 

Died 

UnkoowB 

Robertson and Ruther- 
ford 

1 

Transfusion with inconipatiblo 
blood 

Died 

Rnckloy and Scbolten 

1 

Mercuric chloride poisoning 

Died 

Strean, Korenberg and 
Portnuff 

1 

Transfusion witli incompatible 
blood 

Recovered 

Grossman Ory and 
Willoughby 

1 

Toxemia of pregnancy 

Recovered 


1 

Sulfonamide Intoxication 

Recovered 

Connolly and Lempka 

O 

Ciironlo ulccrauvc colitis; trans- 
fusion with IncompoUble blood 
Sulfonamide Inloxication 

Died 

Died 

Bassett and others 

1 

Subacute glomeruloDCphnlis 

Died 

KolfP* 

13 

Biloteral renal calculi with reoal scarring 
Bilateral contracted and calaficd kid 
neys 

Chronic nepbnUs 

10 cases not stated 

Unknown 

Died 

Died 

7 died 3 
recovered 

1948 

Authors 

■ 

Oarbon tetrachloride Intoxication 
Post-transurclliral oliguria 
Transfusion with incompatible 

blood 

indeferminote postoperative nnurlo 

Died 

Recovered 

Recovered 

Died 


lotal hnmbcr of cases^cportcd to I-cbruary 1 IV m 53 



27 1 

Patients died 

34 

Irreversible lesions 

13 ! 

PolientB recovered 

16 

Indeterminate lesions 

13 

Outcomo unknown 

3 


S3 


53 


Kwsovery rate leased on 27 ours wth re>enib'c Jeaion* •• 48 per cenlt 


* Boldface type indicatra reversible Iwions. 

"t In the 2" cases with roTcrsihfe /csions there were 2 J rcccrcnes 
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BIX tunes daily In the remaining 26 cases, conlmuous lavage 
has been used, the lavage penod varymg from two to ^venty- 
one day's Table 2 gii es a parUal hst of cases m which infor- 
mation regarding blood mtrogen Ie\ els and mtrogen excretion 
IS reported It is of mterest that the aierage decrease of the 
levels of nonprolem mtrogen or urea m the blood dunng the 
lavage periods m cases m wluch intermittent lavage was used, 
was 47 mg per 100 cc , whereas m cases m which continuous 
lavage was used, tlie average decrease of blood urea or blood 
nonprotein mtrogen levels dunng tbe lavage penod was 91 
mg per 100 cc This would tend to mdicate that insofar as 
mtrogen ebimnation is concerned, continuous lavage is prefer- 
able to mlernuUent lavage penods of shorter duration 
Perusal of the data m table 2 leaves no doubt that pentoneal 
lavage is an cffeclivo means of removing stored nielabohc 
waste products from the blood and tissues of the urenuc pa- 
tient, for m most instances the procedure has resulted in 
marked decrease of blood urea or nonprotem mtrogen levels, 
with recov ery of large amounts of mtrogen m tbe perfusmg 
fluid 

Solutions Used — ^l'’anou8 solutions bave been used for per- 
itoneal lav age, some of wbich, though generally considered to 
Itc physiologic solutions appear to be unsatisfactory for per- 
ilonenl lavage, in the light of previous experimental work on 
the inlercbangc of fluid and crystalloids across tbe pen- 
toncum Bal6rs and Rosenak used 0 8 per cent solution of 
sodium chloride m one case and 4 2 per cent solution of glu- 
cose in anotlier, and Ganter used 0 8 per cent solution of 
sodium chlondc m his case but mformation is not av ailablc 
as to the hchavior of plasma chlorides and carbon dioxide 
combimng power of tlic Wood or tbe presence or absence of 
edema m these Uircc cases The v ornjus solutions winch hav e 
been emplovcd and ibc frequency of tbeir use arc detailed in 
lab w 3 and 4 Tlicse tables arc sonicwlial incomplete owing 
to Uie fact tbul tlic presence or absence of hyperchloremia 

oeidosis or eilcma either pulmonary or penphend 
conmiented on 111 all reports U appears to us, however fob» 

of major significance that m 8 f41 per cenil nfi" ^ 
whuh plasma chloride values were ro.Kirtcd ^ 



TABLE 2 

NrrnoGEN ExcnExioN Acnoss Peiutoneum 
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TABLE 3 

Acio-base Balance Cases Repobted in LrrEnATuni 



Harltiiaiin’s (pH 3 3) 


Hartmann’s 


Hartmann’s 4-50% dextrose 


Hartmann’s 4-5% dextrose 


Hartmann’s 4-2% dextrose 


Locke Ringer (pH 7 6) 


IjOckc-Ringer 


Locke-Ringer 


Lockc-Ringer 


R)ioads’« 


Rhoads’s 


Sodium cfilonde 1 (1% 


Modified Tyrodc's 


Modified Txrodc's 


Modified TyTodc’s 


Modified TxTodc's 


Modified Tvrode’s 


Modified Tvrode’s 


Modified Tjrode’s 


Modified Tirodc’s 


Modified TjTodc’s 


Plasma COi Comhin- 

ClUorides, mg ing Power, 

per 100 cc vol per 100 cc 


Before After 
Lax age Lax age 



Modified TjTode's 

562 

505 

mam 

imsmm 

62 

Modified Txrode’s 

179 

672 

51 1 

11 9 

“A” solution 

t63 

535 

*3 6 2 

39 1 

‘A" solution 

250 

3 10 

IQQ 

11 

“P” solution 

135 

565 

38 2 

55 I 

‘ P" solution 

521 

602 

17 5 

55 I 

Modified “P ’ solution 

100 

518 

73 

61 5 
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levels greater than normal (103 milhequivalenls per liter) 
developed during the lai^age period Of 22 cases m vliich 
values for plasma carbon dioxide combining pover vere 
given, 11 (50 per cent) Avere reported as sliOAvmg decrease in 
the leA'^els of carbon dioxide combining poAver of the plasma 
during the lavage period to less than normal (27 nulliequn^a- 
lents of HC07 per liter) In 16 (70 per cent) of 23 cases m 
Avhich the presence or absence of edema was noted, clinical 
edema, either pubnonary or peripheral, developed during the 
laAmge period The electrolyte lialance of normal blood plasma 
may be found in figure 134 

Chloride Balance — When one examines tables 3 and 4 il 
AVill be noted that three solutions used m tJie senes have been 
responsible for the 8 cases in Avhich abnormally lugh plasma 
clilorides deA^eloped These solutions are 1 8 per cent saline 
solution, the solution used by RJioads, and modified iiiani- 
mahan Tyrode’s solution Table 5 gives the composition of 
these various solutions It aauII be noticed that in these three 
solutions the chloride content is excessive as compared aauIIi 
that of blood plasma (307 7, 255 0, and 145 0 nulhequnmlenls 
per liter, respectn^ely) One could expect then that aaIibii anA 
of these solutions is perfused through the peritoneal cavitv, 
diffusion of excessive amounts of chloride and sodium across 
the peritoneal membrane aviII result, Avith hyperchloremia and 
hypernatremia 

Acidosis — It Avill be noted in tables 3 and 4 that three 
solutions account for tlie 11 cases of acidosis Avitli values for 
(he plasma carbon dioxide combining poAier beloAV normal 
These solutions are Locke-Rmger solution, RJioads's solution 
and modified Tyrode’s solution This can be explained easih 
on tlie basis of tAvo facts (1) all three solutions contain a 
higher concentration of chloride than blood plasma (162 to 
165, 255 0 and 145 milliequn alenls per liter) and (2) all three 
solutions are deficient insofar as Incarbonate is concerned 
(Ringer’s 3 imlliequivalenls of HCO 7 per liter, Ixitke s 
2 niilliequiA alents of HCO^ per liter, TA^rode’s, 12 milli- 
equiAmlents of HCO^ per liter) TJius chloride diffuses from 
the peritoneal caAitx into the circulating blood, Ailiereas bi- 
carbonate diffuses from the blood stream into the peritoneal 


TABLK 5 

CnM^^rrov .r \ So^.mo-.. Ub^ ro. 
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Pig nt Aci(l-l)n^e composition of norninl blootl plnsmn and of various solutions onip)o>ed for peritoneal Invngc (After 
Gamblo, T L Chouncnl anatomy, physiology and pathology of extracellular fluid a lecture syllabus. Cambridge, MassnehusetLs, 
Harvard University Press, 1917 ) 



OttNlCAL CONS, DELATIONS OF I^TRAUENAL EXCHErT.ON 1013 



Us tit (fionfinufj) — AHiHxi^e composition ot normal Wood plmmui wnl 
f >an3trt soluViotw eaWoycd for peritoneal la\age, 

(Itttd A iltougli Rhouds s solution contains sodiimi lactate, it 
IS vroliaWe that the amount of lactate absorbed froin tlie per- 
itoneal fluid breabs dorni at too slow a rate to make suflicient 
base o\ailahlc to offset tlic loss of bicarbonate. 

Edema — Further cxanunalioii of tables 3 and 4 reveals 
that four solutionspvere responsible for tlic 16 cases reported 
m winch edema, cither pulmonarj' or pcnplieral, wasohserved 
It 13 significant that of Uiis number modified TjTode’s solution 
was used m 11 cases This solution, althougli iso-osniolar with 
blood plasma (321 miUiosmols per liter), has been shown not 
to be m elcctrolvtic balance willi blootl plasma insofar as 
Lbloridc and bicarbonate are concerned Tlie excellent work 
of Dnrrow and Innnct dcscnlicd carber m this discussion, 
innv otTcr a logical explanation for the niamier m which modi- 
lletl mnmmabon Ijrodes solution may contnbule to Ifie 
dev elopmeut of edema I'urtbcnnore if as has been r^penW 
previously '•“»> the blood of uremic patients Iia>: a t-jtr- 
osmotic pressure than llial of iioniial [icrsonp Hj-*' 

1 vroilc's solution, istwismolor with normal pUev- 
bvpo-osmolar in the presence of urenua. 

Till appearance of edema ni eases ji f£j,c 
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solution was used may be due to the fact that ffarLraaiui’s 
solution has an osmolar concentration of 274 as agamsi 320 
for normal plasma (lig 134) This discrepancy, as m the case 
of modified Tyrode’s solution, becomes greater m the presence 
of uremia Since Hartmann’s solution appears to be olhennse 
essentially in equihbrium with blood plasma, this tendenc\ 
could be offset by the addition of enough dextrose to render it 
hyperosmolar, as has been done m tlie case of “A” solution* 
and “P” solution®^ (table 5 and fig 134) In one of our cases 
a transient episode of puhnonary edema developed during 
lavage ivith modified Power’s solution The cause for this 
episode appears to us to be clear and ivill be discussed in 
greater detail later We can offer no explanation on the basis 
of the composition of the dialysate for the appearance of 
edema m one of the cases m which “A” solution was used 
It may have been due to hydremia induced by excessive 
parenteral admimstration of fluid or it may have been on 
the basis of hypoprotememia 

The inaccuracy of the figures m tables 3 and 4 is recognized, 
and It is probable that if similar data were available for all 
cases m the series, the figures would be somewhat different 
Another factor in the inaccuracy of the figures is the im- 
possibility of estimating in all cases the effect on the blood 
values of parenteral admimstration of various electrolytes, 
notably sodium chloride solution and bicarbonate or lactate 
However, it is our opimon that these data are sulficientlv 
sigmficant to indicate the importance of using a carefully 
selected lavage solution 

3ICTnOD 

Clioice of Solution — It becomes apparent that an> solu- 
tion, m order to be considered as a suitable perfusing fluid 
should meet certain quabfications 1 Its composition should 
be such that it Anil not alter the normal electroh’te pattern of 
the plasma and extracellular fluid 2 It should permit a 
maximal diffusion of mtrogenous and other Avaste products 
of a crxslalloid nature into it 3 Its tomcitA" should be such 
as to insure, insofar as possible, against Avater exchange across 
the peritoneum In fact, tlie ideal fluid should be moderatelx 
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Iwpertomc, for mild dcUydraUon is much less haza^ous and 
mote eoaih controlled chmcally lliau are excessive hydration 
and edema 4 The solution should be as nommtating to the 
pentoncum as possible, in order to reduce hyperemia and 
exudation with decrease in the cUlciency of tlie filtering 


membrane . 

Four solutions appear to us to fulfill tlie foregoing criteria 
csscntialli llarlmaim’s solution, KoUTs solution,’* the A 
solution of Abbott and Shea, and “P” solution (table 5) In 
our third case, no used a modification of “ P” solution, xvhicb 
wall he discussed in the report of tlial case These solutions 
Bolisfaclonb fulfill tlie first two quabfications Hartmann's 
solution as such does not adequately answer the third require- 
ment, hut if sufficient dextrose is added to make a 2 per cent 
solution, Us loiucily is sufficiently increased to make it ade- 
quate In regard to (ho last critenon, anj chenucal solution 
introduced into the peritoneal cavity Mill induce some degree 
of imtation Tins, howoicr, can be kept at a minimum by 
liufTcniig the solution to a pH npproxinialnig that of tlie 
blood plasma Rosenak has slated that loo alkaline a solu- 
tion IS 08 irnlaling to the penionoum os one which is too acid 
Prcparollon of SoUilton — In our opimon, the imgaling 
fluid of ehoicc is ‘P ’ solution (lahlo 5) xvhich is prepared in 
Inrgc 1 ohiines m the folloinng way Our containers have been 
Iwlloon flasks of 10 liter capnciij instead of 20 liter carboys 
as suggcslwl b) Flue hrank and Sobgmun, because the 10 
bVer fiasks are more casil) oiitoclaied and are more easily 
Imnsporicd Nine and n half liters of triple distilled sterile 
water arc run into a sterile 10 liter balloon flask With the 
exception of the sodium bicnrlionate all tlie salts and the 
dextrose for 10 liters of perfusing fluid ore dissolved m this 
water and autoelai ed for one hour at 250° F under 15 pounds 
of steam pressure U is miporfnnt not to autoclaxc the bi- 
earlionate u ith tlie other salts and dextrose smcc hicarbomst*' 
breaks down under such circumslniiees and calcmra and nnu- 
neuum salts mux be prccipuntcd out of the soluuoi „ 
the solution has Wen aulorhneil for the required -m- ( * 
flask IS ufiowed to cool and uhen ,t has rea-h^ ‘ 

IHrnlure smhuni lucarlwuintc from sterile ruio.yf,. r- „ JT 
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7 5 per cent solution) is added in sufficient quantity to jiro- 
duce a bicarbonate concentralion of 300 mg jier 100 cc 
(30 gm in 10 bters) 

PemciUin is added in a concentration of 10,000 uiuts per 
bier in an attempt to inbibit contannnation of the fluid and 
bacterial groAvtli in tlie peritoneal ca-vuty A sterile solution of 
heparin is added to inhibit the formation of filinn on the per- 
itoneal surface HoAvever, Bloor and Ins co-workers recently 
have reported that m rabbita given heparin m large doses 
intraperitoneal adhesions are as likely to develop after per- 
itoneal injection of saline solution or gelatin as m those 
aminals not treated “ We have added heparin m the dosage 
of 1 mg per liter and have found that the drug m this con- 
centration IS not absorbed to a degree sufficient to alter the 
coagulation time of the blood Doenges and StraJian added 
heparin to their solution in the dosage of 2 mg per liter, 
apparently without untoward effect Fine, Frank and Sehg- 
nian added sochuni sulfadiazine to their solution m the dosage 
of 60 to 120 mg per liter We have omitted sulfonanude com- 
pounds from our solution because of the remote possibihty 
of inflicting further injur^-^ on an already damaged pair of 
kidneys It appears to us that the addition of streptomycin 
in the dosage of 20,000 umts per liter is indicated as pro- 
phylavis against the gro^rth of gram-negative orgamsins, 
which are not sensitive to jiemcilhn 

Protein has been recovered from the perfusing fluid m 
sizable amount and this fact, in association mill decrease of 
the value of plasma protein levels, raises a logical supposition 
tliat the patient may be losing protein from the plasma across 
the peritoneum into the dlal^sale For llus reason, some Jia\ c 
added substances such as gelatin, pectin or acacia to tlic 
dialysale, thereby raising the colloidal osmotic jiressure of 
the dialysate in an effort to block loss of protein 'Ihc ques- 
tion nlielher protein molecules can diffuse across the peri- 
toneum has been debaled for a long time Up to the present 
it caimot be said definitely whether jirotem actually is lost 
from the bodv during laiage or whether protein found in the 
irrigating fluid is a result of iiiflaminalory reaction on the per- 
itoneal surface itself '\Vc June not added surh subslanees lo 
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whole Wood or prolemhidrolysales 

As a final slcp m Uie preparalion of Uie la-vaging Am , 
“P” soluVion Ihe pH of \vhich is 8-1 is adjusted to a pH ol 
1 S h^ the addition of chcuucalh pi"^ cilnc acid 



Apparatus — The intclionical arrangement for continuous 
pcnloncnl irngation has liecii constriiclcd m scxeral Majs, 
hut m general the working pnnciplc of all devices has con- 
formed to the diagram shown m figure 135, whicli is a inodi- 
firalion of that dcscnlicil hv Flue Frank and Scligniaiu It 
was ntccsKarj for our needs to have a setup which could he 
easilv truiui)iorled and which would occupv a minimal ainount 
of space Acconhnglv we haven setup as shown in figure 136 
Tlie Ihix is 31 mehes (86 cm) high, and when set on the 
dras-<cr m a hospital room, the height of the lialloon flasks 
atop the l)ox IS alioHl 70 inches (178 cm ) almve the floor and 
nppraviniatelv 3d mehes (91 cm ) almve the patient. 

Tlic irngalmg fluid (lows hv griv,t> from the elevated 
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balloon ilnsks through siphon lubes, joined by a Y tube, 
tlirougb a dnp bulb, then to a glass coil immersed m a con- 
stant temperature ^ atcr bath and from there to the peritoneal 
inlet tube The outflow tube is connected by a long section of 
rubber lubmg to a constant suction apparatus and constant 
suction of 90 to 120 mm of mercury is maintamed 

Our water bath consists of a pancahe type heater in an 
insulated tank covered by a luale lid into which has been 
mounted a tliermostal of tlic thermocouple type The ther- 
mostat has been adjusted to maintain Oie temperature of the 
iiater bath at 43° C , nluch ivill insure delivery of the fluid 
to the peritoneal cavity at approxmiately bod> temperature 
(37° C ) However, a salisfaolor) water batli may be devised 
b> coiling the lubmg m a large beaker on a hot plate with a 
simple tlienuomcter to register the temperature of the bath 
Clark has slioini that rale of absorption of crystalloids and 
water innod with the temperature of the perfusing fluid At 
a tcmpornluro of 13° C or more the absorption of sodium 
cbloTide and water was greater than at a temperature of 
37° C and when the IcmpcrDluro was reduceil to 25° C 
absorption was greallj dimirushcd 
Vine, Frank and Schgmon”” and others have interposed 
n Mniidlcr (Bcrkcfcld) filler in the system between Uie reser- 
voir of solution and tlie water bath as furllicr prophylaxis 
agniiisi pcntoncid infection \Vc have omitted the baclcnal 
filler from our system for four reasons 1 Sucli a filter male- 
nallv micrfcros with niauilenoncc of on adequate rate of flow 
of lav age fluid into the penloncnl cav it^ 2 After a period of 
several hours of continuous lavage, anv contaminating organ- 
isms preseul m the solution may grow through the filter into 
lilt nrculalmg fluid on the distal side 3 In our opimon, tlie 
portal of entr) for Imclcnn into the penloneal caviU is more 
Iirolmblv m and around the penloneal tubes (cspcciallv the 
outflow liilic) rather than in the inflow fluid itself I Ii ig 
further jwsiblc llial organisms iiiav enter the penloneal 

Mstcii.'" " f”’"' ‘>‘0 nonsienlc suction 

Mniiv difrcrcnl lv,ies of tube have l.cen cmplovcd as ncr- 
itoiK-nl tulws Bubbtr catheters or iierforatoil l!nlll stoiid^ss 
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Steel tubes have been frequently used as inlet tubes, whereas 
a large bore luusbrooin tip catheter or a stamless steel suinji 
dram similar to the perforated suction tube used in operating 
rooms has been commonly employed as an outlet tube 
Leakage of fluid around the peritoneal tubes, luatting of 
the omentum and intestinal coils due to peritoneal imla- 
tion vith resultant “channeling” and loss of fluid, and peri- 
toneal infection are tliree immediate comphcations vliich 



Fig 137 — Pentoncal tubes (sump drums) Note the malleable niclnl flnnge» 
uhich have been attached The dram on the right with airflow holes obhlcrntcd 
IS used ns the inflow tube 

have prompted us to consider further modification of the 
tubes introduced mto tlie peritoneal cavity Plugging of the 
tube has been reported frequently when rubber catheters have 
been used As shotvn m figure 137, w e have employed identical 
modified stamless steel surgical suction tubes for botJi mflov 
and outflow, except tliat the air holes at the shoulder of the 
inflow tube have been obliterated, thereby rendering the in- 
flow side a closed circmt Tins modification of the mflon tube 
makes it possible to reverse the direction of flow through the 
peritoneal ca^ ity merely by intcrcliangmg the inner portions 
of the tubes, leaving the outer perforated sheaths m place. 
Such a reversal of flow may be necessary from time to time 
in order to avoid omental interference and “channebng ” 

* Despite the foregoing modifications, v>c have continued to 
encounter difiicultv vitfi leakage of fluid around the tubes 
and also vith pcntoneal bacienal contamination We feel 
that leakage occurs because of relaxation of tissue of the 
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Inflow O-uEflow 


Hr 138 — Op\*pnh<smcT UoiCuaV. ppritoncjil lube* TIiq lube on the left 
Onflow) W ii«V!niblfvl whercn* iho lube on rlfibl (oulllow) ban been parllj 
lUsa^vniWrd to «How Mh ronii»onenl v»Tt* Note difTeTfoce fn Icnptb of live 
Intra^alxlonilnn) por(lnn»nf tbe lulie* (6) (Hy pcnnlasIoficfC D Oppenbolmer ) 

llirougli the iivr holes in the oulllow luhc, nlthough meticulous 
( nrc has liociv taken to keep the peritoneal tubes and the area 
surroimdmg tin in us neorW aseptic ns possible 

Itieentlj OiipeidieiHier and lloscnak hat c det iscd a nciv 
nvodilicatiou which iiint remedt some of the foregoing dilTi 
cultics (Hg ntt) Made of stainless steel llie luhe prondes n 
rigid extra nlidommal jicrtion (a) and a llexihlo mtra abdomi- 
nal jiortion (6) This enables ibo tube to be inlttKluced m a 
plane iienaiubetilnr to tlinl of tbe anlcnor abdominal wall, 
wbii b will uDoii tigbttr npproximutioaof tissue edges around 



1022 H M ODEL, D O TERBIS, M H POR'ER 

the tube, as well as reducing motion of the tube ^^th respi- 
ration to a nummuni The malleaWe metal flange (c) is adjust- 
able with a screw (d), to allow for variations m thickness of 
the anterior abdommal wall It then can be anchored with 
silk sutures to the skin of the anterior abdonunal wall and 
sealed down either with collodion or mth waterproof adhesive 
tape after the tubes have been placed The mtra-abdomiiial 
portion of the tube is made of tightly coiled stainless steel 
spring wire with a rounded tip (b) Tins iviU allow for easier 
introduction and placing of the tubes, and should reduce per- 
itoneal inflammation from constant friction of a rigid tube 
rubbmg against dehcate peritoneal surfaces The inner cores 
of the tubes are of stainless steel in the evtra-abdominal por- 
tion (e) and of flexible rubber catheter in the mtra-abdominal 
portion (f) The tubes are identical except for the lengtli of 
the flexible rntra-abdommal portion, the shorter being de- 
signed as inflow tube and I he longer as outlet tube Reversal 
of the direction of flow can be accomplished by interchanging 
the inner portions of the tubes, closing the side arm on the 
inflow tube wth a metal plug (g) and inserting an adapter 
m the side arm of the outfloiv tube On this adapter (h) is 
attached a rubber tube leading to a sterile glass funnel covered 
with sterile gauze to act as an air filter Such an arrangement 
further reduces the possibihty of introducing infecting organ- 
isms tlirough the air inlet on the outfloiv tube We have not 
as yet had an opportumty to use these tubes, but we are 
hopeful that they may aid in reducing the incidence of leakage 
and peritoneal infection 

The Procedure — Prelavage Period — Since, in a large num- 
ber of cases of acute anuna and renal insufficiency on the 
basis of a reversible renal lesion, adequate renal function max 
be resumed spontaneously and since peritoneal lai age is not 
wnthout numerous hazards, it should be withheld until clinical 
CMdence of urenua appears or until it seems certain that 
spontaneous resumption of formation of unne will not occur 
The optimal time for the institution of peritoneal lax age can- 
not be defimtcly stated, for it wall varv v ith different patients 
Constant clinical evaluation of the patient’s condition, signs 
of progressive azotemia failure of routine conservatn c meos- 
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urea lo induce formation of urine, nnd ueiglnng of tJic risks 
imohed arc the factors iiluch must dotermme the optimal 

tunc for initiating the procedure , . . ,4 

It has been our practice tvlicn it is decided to initiate 
peritoneal lai age, to make certain laboratory determinations 
liefore the procedure la undertoken As a rule, a fairly wm- 
plclc chemical analysis of the patient’s blood is obtained, in 
order that ire may have accurate information as to llie clec- 
trol^tc balance of the patient s blood as rvell as the values of 
oilier crjslalloid substances m the blood In addition, con- 
centration of hemoglobin, erythrocyte and lcukoc>d,e counts 
sedimentation rate, hematoent renduig, plasma protein level, 
blood grouping (including the Rh factor), and coagulation 
time are determined In some instances it is not possible to 
make so complete and detailed mi analvsis and nhen such is 
the case, the tolloiving studies should he BuHiacnt concentra- 
lion of hcmoglolim, Icukocy Ic count, blood urea or nonproleiu 
nitrogen plasma clilondcs, carbon diotide combining power, 
plasma proteins, liematocril rcaduig, blood grouping, and 
coagulation time 

Larofle Period — The tubes are inserted with the patient 
under local or regional block anesthesia and with aseptic 
lechnic, tliroiigli small incisions in the anterior abdominal 
wall, the inflow lube in the left upper quadrant of the alv 
doiiipii, the oulfloiv lube in the right lower quadrant The 
mdow lube IS directed toward the diapbragm, tbe outflow 
tube toward the ciil-dc sac The incisions arc llion closed as 
siiiigl) as possililc around the lubes and covereil with sterile 
dressings Placing of ihc iwlies in tins waj allows maximal 
)H.ntonenl surface for dialj SIS The procedure mai bo earned 
out iviili the patient m bed but it is belter lo do it in the 
opomlmg room if tbe patient a condition pcnnils Ins being 
moieil On completion of ibc operation tbe patient is relumed 
to bed in a scmi lowler posilmti, lo rnulitttle perfusion of 
lliml oicr the pcnloncal surface into the cul-dc sac, whicli 
soni-s as a rescrxmr from wbuh tbe fluid is removed be 
suction Allliongh the pnlinit experiences blllo or no dis- 
coiiifon from llm proeciUive is to gram (0 01 to 0 016 gni ) 
of morphine sulfate nr I grain (0 065 gni ) of codeme sulTuto 
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IS administered for relief of any distress lie might have Tlie 
rubber tubing, preAuously sterilized, is connected to pento- 






Fig 139 — Appnrnti/s for perilonenl Invngc jn um? 

,ncal Lubes, suction, glass coil m vater bath, dnp bulb, and 
balloon flasks, techmc as nearly aseptic as possible being used 
Siphonagc from the balloon flasks is established nitli a 50 cc 
sterile svringc The flasks are oonnecicd in pairs, although 
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only one is used at any one tnnc. m order that tlie ilow may 
not be mlerrupled dunng the process of replacing einp y 

2e adjusted to allow as rapid a rale of flon us 
possible intbout causing discomfort to the patient Seligman, 
Frank and Fine demonstrated m their anuiials that the op- 
Irnial rale of flon for maxmial clearance of urea across tlio 
penloneum nas 30 to 50 cc per minute (1,800 to 3,000 cc 
per hour) Kolft" expressed the opimon that the optimal rate 
of Don clmically is 16 to 20 cc per minute (1,000 to 1,200 cc 
per hour) Our cxpencnce has confirmed tlie first observation 
of Seligman, Frank and Fine that the remox al of urea across 
the peritoneum is proportional to the rale of flow (figs 140 
and 141), but thus far it has been impossible for us to accom- 
plish llio optimal rate of flon as suggested by them for our 
patients lm\e complained bitterly of abdominal pam and 
nausea if the rate of flow nas increased to more than 20 cc 
per minute (1,200 cc per hour) With a rate of flow less than 
20 CO per minute, our patients Imx e not complained of any 
discomfort As soon as the flon of solution mto the peritoneal 
caxTlv 18 eslalihshod, continuous suction should be started 
although there is usually a lapse of time of twenty to thirty 
minutes licfore imgalion fluid appears in the suction bottle 
It sliould he emphasized at tins point Uiat, if for any reason 
in the course of the lax age period it hecomo necessary to du- 
conlmue the flow temporarily, tlie lion of flmd mto the per- 
itoneal canty should lie sloppcil before suction is tunicd off 
Ollicrxnse, it is possible to oxertlistcnd tlie abdomen xvilh 
fluid, mill resultant discomfort to the patient and leakage of 
fluid aroimd the pentoncal lubes 
During thelni age period it is exlremel) important to xvalcli 
the clcclrolxto hnlnnro of the patient's blood carefully We 
Uoxc run a daily dclcnninntion of the loxd of urea in the 
patients Wood plasma chlondo xnlue, and carbon dioxide 
combining imwcr If tliolaxago fluid is olcctroly iicidly correct 
till. clwlroU Ics in the Wood should maintain themselx cs at 

iiominl orncnr nommUcxelsxmhoul parenlcnil rcplacomeni. 

r^M '’""‘"E'"'’"* Ihrocx le count should he 

nnlcbcd carcfullx al mterxnls of Ino or three days, for if a 
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Significant fall of these values occurs, transfusion v ilh whole 
blood may he indicated Such transfusions should be given 



Fig 110 (Case 1) — The relnlion of total urea nitrogen excretion to the rate of 
flow of fluid through Uic peritoneal cuMtx 

onl> after the palient s blood has lieen grouped, and the pa- 
tient’s serum cross-mat died villi the donor’s cells, in order 
to reduce to a mimmuni the possibiliU of further damage to 
the kidneys from a transfusion reaction We hat e determined 
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HOt Icing absorbed from Ibe pentone^ Mvil> 

icicut to affect the coagvdab.Ut, of the p^ent b oo^ 

Delcrmmalions of the hematocrit reading, tlic tevcl of Uie 



np 1 11 (Cftv* 2) — ^The rflnllon of totM urco mtroRcn oxrrrlion to thr mif of 
of fluW tlirough Iho ptritoncnl rn\lt> 


Inliil plaHiim proteins and llic tr>lllror^lc count are valuable 
m cstnnatini, the stale of hydration of the patient Sudden 
rise of cr\throc\te count toKClhcr with an elevated hcnialo 
eril n aduig and liiph plaRiim proteins, is mdicalivc of hetno- 
conooutmtion and dchvdratmn, whereas a rnthcr sudden fall 
(if orMhrorvtc count decreased heumlornl reading and a fall 
of the value for iilasiim proUins indieate hvdrciiiia henio- 
dilulinn and (iverhylratioii i , 
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We have installed mdwelhng catheters in our patients 
during the period of anuna or oliguria and through the lavage 
period When this is done, the urgency of -winch some such 
patients complain and the exertion and strain of attempting 
to use a bedpan or a urinal are eliminated In addition, ve 
have been able to measure accurately the urinary output, 
however small, and to recover aU specimens for analysis of 
mtrogen, cldoride and protein excreted 

Antibiotic Theiapy — In regard to antibiotic therapy as 
prophylaxis against peritoneal infection, in addition to pen- 
icilhn m the perfusion fluid, ive have given our patients 
pemciUin mtramuscularly in a dosage of 30,000 units ever)^ 
three hours In addition, in cases 3 and 4, we have also giAeii 
120,000 umts of streptomycin intramuscularly every three 
hours There is some question as to the advisability of using 
streptomycm parenterally in the presence of severe renal 
damage, wilh impaired excretion of tlie drug However, ve 
have never exceeded in dosage 1 gm daily, and have been 
constantly alert to signs of streptomycin toxicity Thus far, 
we have felt that the risk of toxicity and further renal damage 
IS less with strep lomy cm than with the use of sulfonamide 
compounds 

Parenteral Therapy. — Supplemental parenteral therapy 
is needed in most cases during the lavage period to maintain 
vater balance, to supply xntannn balance, to maintain nu- 
trition, and to correct anemia and hypoprotememia If the 
electrolyte content and osmolar concentration of the ]a\ aging 
fluid are correct, then it should not be necessary to suppb 
electrolyte substances such as chloride and bicarbonate by 
parenteral adimnistration Hovever, only by close daily super- 
-vision of these Amlues m the patient’s blood can one be certain 
(hat supplementarv quantities of these substances are or are 
not needed Fairl> frequenth' nausea and vomiting are com- 
plicating factors and max' result in rapid depletion of the 
plasma chlorides, in xihich case inlrax'cnous injections of 
phxsiologic saline solution (0 9 per cent) max* be mdicatcd 

In the presence of acute unnarx' suppression, the templa- 
lion is grent (o administer increased volumes of fluid pareii- 
terallx m an attempt to “force” the renal block Sucli a 
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pracuoe. howe>er, is hazardous and frequenllv leads to over- 
h\ dration with Ihe de^ elopmenl of peripheral edema or se\ ere 
pulmonary edema Adequate flmd must he provided to make 
up for that lost by vomilmg, diarrhea, increased sweating, 
temperature elevation if present, and respiration, hut tlie 
adnnrastmtion of amounts in excess of that needed to insure 
adequate fluid balance and to take care of the patient s fluid 
requirement should he avoided As a general rule unless the 
patient has an ex tremeh high temtierature, or is losing copious 
amounts of fluid Ihrougli abiionual channels, 1,500 to 2,000 cc 
dailv should he adequate 

Dextrose in 5 per cent solution m distUled naier is the 
solution of choice to supply Iwlh necessary fluid and nutrition 
to tlie patient AVe have reinforceil all parenteral dextrose 
solutions vnth viinmuis B and C in amounts suflicicnl to 
prevent iiUimm deficicuty Care sliould be taken not to ad- 
minister hv pert OHIO solutions mlrav eiioualy during the lavage 
period To do so may increase the tonicity of the blood suffi- 
ciently to cause absorption of fluid from the peritoneal canty 
into the circulating blood vntli rapid hydremia and puhnouan, 
edema 

If anemia becomes a factor for consideration, transfusioii 
should he contomplulcd as incntioncd prev lously, only after 
careful Wood grouping of tlie patient s Wood and cross-match- 
ing wall Iho donors tells It is a well established fact that 
pnlients who have severe rciial insufljciciicy and uremia re- 
spond poorlv to Irniisfusion, are prone to dev clop reactions, 
and not mfrcqnentlv develop acute pulmonary ctlcnin The 
exact cxplniiatiou for tins icndcncv is not entirely clear 
although several liypolhcscs have been advanced However 
It vs of the utmost importance to hear this m mind if the need 
for transfusion arises As a nile suoli a paUenl vnll tolerate 
small daiK transfusions of 150 to 175 cc without inddem 
^ertas a single transfusion of 500 cc may mule disastrous 


If the level of plasma proteins tends to d^rrea-^^ot 

lurieam hvpoprotcmuiimapjicarsmimmenl p-o 

menl llurapv m the fonii of xvliolc 
albmum, or one of ih. hidrolvTed /•'L'" 

J I’ I J[ na t -C-. C... 
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indicated Any such substance should be used vnXh caution 
and its volume should be included in the total for daily par- 
enteral fluid intake 

Whether or not the patient should be aUoAved to eat or 
take fluids by mouth during the lavage period is soincRhal 
of a debatable pomt Whether dialysis proceeds more satis- 
factorily if Ihe bowel is kept at rest, or Avhether it is enlianced 
by moderate intestinal actnuty caimoL be slated uitlioul 
further study In our experience, in the presence of renal 
failure and uremia, anorexia, nausea and vomiting are the 
rule and it is necessary to rely entirely on parenteral adimnis- 
Iration for maintenance of fluid and nutritional balance Wc, 
therefore, have preferred to withhold all fluids and food by 
mouth during the lavage period 

Dunng the early days of the lavage period, symptoms and 
signs characteristic of typical or true uremia mav be present, 
and must be handled accordmgly It may be necessary to rely 
heavily on sedatives if the patient is restless or appears lo 
have pain, soothing lotions may be needed for pruritus, ■hIiicIi 
frequently accompames ureima, and, if nausea and vomiting 
persist, or if signs of paralytic ileus develop, passage of a 
gastric tube for gastric lavage or of a Miller-Abbolt tube for 
intestinal decompression may be indicated HoAvever, if the 
procedure progresses satisfactorily, Avithm three or four daAs 
marked subjective and objective improvement may be ob- 
served Avith alleviation of these distressing syomptoms 

At the termination of ihe lavage period, il is advisable lo 
stop tile mfloB of fluid and to continue suction until the 
greater portion of fluid remaimng m the peritoneal cavitv 
has been removed The peritoneal tubes are then loosened 
and removed and the small incisions are covered a\i11i sterile 
dry dressings Spontaneous liealmg occurs within four or five 
days after the tubes have been remoA ed and b> the time the 
patient’s general condition alloAAS Inm to become ambulatorv 
FrequentlA , the question has arisen as lo the optimal duration 
of the laAage period KoUT^® lias expressed the opinion that 
to employ penloneal laAmge for longer than thirty -six hours 
IS to increase ihe hazard of peritonitis greatly Wc, hoAiever, 
are of tlie opinion that if peritoneal infection can be prevented 
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or if .1 occure, can be kepi under ^ 

non should be mamtamed unUl ihe level ot urea m the hl^d 
falls 10 less than 100 mg per 100 cc , until the wentv-tom 
hour excretion of unne exceeds 1.000 cc m volume, or u^il 
the amount of urea excreted m the unne ^nals or cxc^s 
the amomit excreted m Uie dialisate m the corresponding 
iweiily-four hour penod. 

UEFOUT OF CASKS 


We hn\c employed pcnloneal lavage in 4 cases of acute 
renal failure vitli anuria and uremia In 2 of these cases the 
IvcalTnentxsas successful, with ultunate recoiery, and in 2 it 
v\ ns unsuccessful 


Cask 1 —Tim case has been rcporled m detail elseubere ” A 
s»imnar> of the perlmcnt data follows 

Prelacage Ptnod — Tlic patient, a man 49 tears of ago ttas 
admitted to the Clime and immediately hospitnhied He com- 
ptniiied of headache, nausea toiniling jaundice, and oliguna of 
Bet cn dots dumlion His history ret eoled Uial he had partaken of 
moderate amounts of alcohol (4 to 8 Ouidounccs (120 to 240 cc) 
daih) for some lime pret iousl> In Ins work ns an electrician he had 
found carbon Iclraclilondc to be an excellent grease soKent as noil 
ns a dryer Ten ilays before admission lie had used a tiuanllly of the 
compound to clran grease from n pair of trousers and during die 
morning of the eighth day before admission lie bad used I gallon 
( 1 htcre) of pure carbon tctmchlondc m cleaning fresb point from 
llie slnircnse of Ins iiome riposurc lime to llic fume* during this 
procedure was cstimnlcd to be approximalclt Uio liours ui a closed 
house Working on Ins knees broiiglil turn into suIllCTciilly close 
ptoxlmilN to llie denning fluid to expose him to the fumes m lethal 
concentration He took two drinks (I fluidounces [120 cc.)) of 
whisky prior to his ciening meal and noted wme anorexia at that 
lime During the night he was annkened mill nausea andxomited 
seienil limes k sm in chill then dexcloiicd « hich lasted « \ oral 


Hit follow mg monimg the patient cxpcntnccd extreme weakness 
and fatigue with nictirrencL of nmisen and xoraitmg During Uie 

"" ’'oura "her exposure, he voided 

the list known sirahlc qmintilv of dark brown unne He did not 
rail a phvRmnn imlil llnrtv six hours later when severe dull aehina 
iwtii ih veloii^ 111 the nght upper quadrant of the abdomem On 
rxanmmtioii he was found to lie jaundiced, his liver was ciilnrm/) 
aiKl he was ihoughl to l« u, shock He no; liosjuahreya,;:! g^e^ 
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fluids and large doses of vitamins intravenously Albuminuria, 
oliguria, nausea, vomiting and jaundice persisted and the patient 
was transferred by ambulance to the Cbnic on the eighth day after 
exposure Prior to transfer, the daily excretion of urine averaged 
50 cc The urine v as bro\\'nish red and gave a 4 plus reaction for 
albumin 

On admission to the Chmc the patient was rational and oriented 
He had a temperature of 98 2° F , a pulse rate of 80 beats per minute, 
and blood pressure of 138 mm of mercury systolic and 80 diastolic 
Jaundice was graded 2 (on the basis of 1 to 4, in vhicli 1 designates 
the mildest and 4 the most severe condition) over the entire body 
and sclerae, and subconjunctival hemorrhages were noted in both 
eyes Edema, graded 1, of the face and lower extremities was 
present The liver was tender and palpable 3 cm below the right 
costal margin There wus ipiestionable ascites The patient was 
cathetenzed and 15 cc of urine were obtained, revealing a specific 
gravity of 1 014, albumin graded 3 (on the basis of 1 to 4) and 
erythrocytes graded 1 (on tlie basis of 1 to 5) Urine culture was 
negative The content of hemoglobin was 12 6 gm per 100 cc of 
blood and the leukocyte count was 8,400 per cubic millimeter of 
blood Prothrombin time w'as 23 seconds (normal 17 to 19 seconds) 
The value for cholesterol esters w'os 27 mg per 100 cc of plasma, 
and that for bilirubin was 11 6 mg per 100 cc of serum, with a 
direct reaction Other laboratory data are detailed m table 6 

Management of the patient’s hepatic insufiicieno consisted m 
daily intravenous administration of hydrolyzed protein, glucose 
and vitamin supplements including nicotinamide, hykinone and 
cevahn Attempts were made to combat acidosis by the administra- 
tion of sodium bicarbonate m 5 per cent solution Conservative 
measures, such as intravenous administration of ammophjllinc m 
doses of 3% grains (0 24 gm ) twice daily and continuous application 
of hot packs to the flanks were employed in the hope of increasing 
excretion of urine and improimg renal function During the second 
day in the hospital unsuccessful attempts were made to pass a 
multiluminal lube into the duodenum with the ultimate hope of 
utilizing the mucosal surface of the upper part of the small intestine 
as a dial>zing membrane 

Lavage Period — On the third da> m the hospital it was decided 
to attempt peritoneal lavage Tins A>as tlie ninth day of oliguria 
and the tenth day after exposure to carbon tetrachloride During 
this time attempts made to meet the patient’s fluid requirements 
and to balance the blood clcctroEtes by parenteral means had 
been onlj partially successful Lai age was instituted according to 
(he technic described prei louslj, modified mammalian TjTode’s 
solution being used ns the perfusing fluid Penicillin in n concentra- 
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tion of 5,000 units per liter and 0 25 mg of heparin per liter were 
added 

The first forty-eight hours of the lavage period weie wilhojil 
incident and the patient exhibited marked subjective improvenienf 
He felt better generally, nausea disappeared and lie vas able to 
retain fluids taken by mouth Physical examination rcAcaled the 
lungs to be clear, and the degree of peripheral edema noted on 
admission had not increased 

On the folloAAung day (sLvth day in the hospital) the patient 
became mildly iirational, exhibited a pulse rate of 100 beats per 
minute and a rise of temperature to 101° F There was a moderate 
but definite increase of peripheral edema Moist rales were iieard 
m the base of the right lung and a roentgenogram of the tliorax 
revealed findings suggestive of beginning bronchopneumonia 
Leukocytes numbered 27,900 per cubic millimeter of blood Nniet) 
cubic centimeters of urine obtained by catheterization on tins day 
revealed a specific gravity of 1 007, albumin graded 3, er>throcytes 
graded 2, and pus cells graded 1 Culture from peritoneal wash- 
ings was positive for Aerobacter aerogenes, Pseudomonas and 
Micrococcus 

Penicillin, which had been administered in the dosage of 30,000 
units intramuscularly every three hours since initiation of Image 
therapy, was increased to 50,000 units every three hours, and peni- 
cillin in the lavage fluid was increased from 5,000 umls per liter to 
10,000 units per liter Signs of progressive hepatic insulTicieiiCA 
were noted as the total cholesterol level decreased from 103 nig per 
100 cc of plasma (normal 150 to 250 mg per 100 cc ) on admission 
to 68 mg per 100 cc , with cholesterol esteis of 27 to 28 mg per 
100 cc of plasma (normal 100 to 175 mg per 100 cc ) (tabic 6) 
Depleted plasma proteins, probabh due largely to failure of sjn- 
thcsis of protein in the presence of seAcre hepatic damage but 
possibly in part due to loss of protein across the peritoneum, were 
repleiushed by repeated intraAeiious administration of protein 
hydrolysate, plasma and A\hole blood HA'pocalcemia, first noted 
on the fifth day m the hospital, A\as treated AAitli calcium gluconate 
giAcn intraAcnously The blood pressure rose to 176 mm of nierciirA 
systolic and 100 diastolic on the scA'cntli daA in the hospital The 
general condition of the patient remained about the same HowCAcr, 
during the next tA\o daAS, the patient’s course was progrcssn'ch 
doAnihill with increasing SAniptoms and signs of exhaustion, bron- 
chopneumonia, puIinoiiarA edema and deepening coma He died on 
the tenth day after admission 

N^ecropiy Findings — Necropsy rcAcalcd deep jaundice and a 
moderate amount of edema in the subcutaneous tissues The 
peritoneal caAily contained 1,500 cc of yellowish pink fluid (irri- 
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colion fluid) Tlic panclfll penloneuin and inleslmal coils 
Silliplo areas of injection mill sraaU auteerosal bcmorr^^ and 
oalclies of fibnnopurulenl exudate The loner lobes of boUi lungs 
rcicnled a palcbi increase of consistency and tbe cut surface di^ 
closed a moderate degree of edema and frothing Pus Muld be 
expressed from the small bronchi of both lower lobes The li\er 
was enlarged and was j cllomsh green On cut surface, the markings 
iierc distinct Tliere was moderalcly severe submucous edema of 
the entire gaslro-intcslinal tract Tlie kidnoj'S were large and red 
and were normal m consistency “The cut surface shoned normal 
markings except for snelling of the cortex Examination of the brain 
sliowcil only mild edema 

Histologic examination of the Incr revealed intact lobular arcbi 
teclure mill endenco of cellular regeneration Many of the bile 
canaliculi were obstructed by bile tlirombi The hepatic cells m 
the central portions of the lobule contained increased amounts of 
bile pigment and had undergone mild inrillralion with faU In 
sections of the kidneys (he tubules were flattened Mitotic figures 
■Acre, numerous among llic epillichal cells and it was apparent that 
extensile rogcneratiQU had occurred K few of the tubules contained 
desfiunmalcd epithelial colls and occasional groups of polymorplio- 
nuelcar cells In sections cut from the lower lobia of the lungs the 
alieoh iiere rdhal with serum and polymorphonuclear leukocytes 
Aside from exudate on the serosa of the jejunum and the capsule 
of the spleen sections of other organs did not reveal nnylliing 
rv-markahlo 

Tlie nimloinic diagnoses in this case acre U) toxic hepatitis duo 
to carbon tctrnclilorido with livpcrtTopliy and regeneration of the 
hvtr (2) toxic dcgcneralion of the renal tubules, mtli regeneration, 
(3) pcntoiiilis (1) pulmonary edema mth bronchopneumonia and 
(5) idi mn of the brain 

Commenf —Although tlicrc was aimtomic evidence of both 
pi ntomtis and bronebopneumoma we are of the opinion that 
the immediate cause of death in this case was pubnonarv 
edema with circulatory failure and increasing nrenun Bron- 
ihopiienmoiim prohahly developed as a Icmnnnl event and 
pcntoiuliK umlmihtcdK was a contnbulory factor, in that 
formnnou nf periloncnl exudate reduces the ofiiciencx of the 
micniig surface m addition to •clmnuclmg wliidi reduces 
he area of pentoncum ax ndaldo for dmlvs.s This is suggested 
hv the fail that dumig the first five days of dmKsiflhera 
was a sharp decrease of the urea level ui the Wood (table 6) 
large amounts of nrca recovered m the pcnloneal fluid 
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(table 7), •whereas during the last three days of hfe, excretion 
of urea across the pentoneum decreased markedly, Tnth re- 
sultant mcrease of urea concentration m the blood (table 7 
and fig 142) One might further speculate that mcreased 
catabolism of endogenous protein mcident to terminal infec- 
tion and increased body temperature might result m increased 


O Urine output 
• ■ ■•Blood upca 

oUrec cxci»eted in urine 
<►— oUpca excreted via 

peritoneum 
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urw stores in cells and fluid of alHR 
. That the imgating soWn . 

logic and required further adjuslmc^of^'^ pli'sio- 
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Irated to us by this case Retrograde absorption of chloride 
froin the peritoneal ca\Etv into the blood plasma "was sug- 
gested by the fact that -witlim tvventy-four hours after la^ age 
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Fig 113 !Ca?e 1) — Trend of the various constituents of the blood sbomnf 
effects of parenferaj admini-tralion of different flmdr on daif' el^'^trolvte 
balance 

Ras instituted the plasma chlonde concentration increased 
from a subnormal to a normal lei el eien though the patient 
had not receded any chloride parenferalh (fig 1-lV On the 
fifth day of dialisis plasma cldondes soared to a Icicl of 
114 9 milliequitalents per liter 111111 a correspondmg decrease 
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edema, and pentomtis not developed damage the dehcate 
dializing membrane, the patient might have recovered, for 
although there was unimatakable evidence of ividespread 
hepatic and renal damage, anatomic regeneration had pi^ 
grossed to a pomt at which regeneration of function might 
have been expected withm a short time 


Case 2 — Prelatage Period — ^TUe patient, a 73 year old man, was 
admitted to the Clirnc, complaimng of unnary difficulty of ten 
jcars duration. He had noticed gradual decrease of the cahber of 
the unnary stream during this penod, and on two occasions two 
jenra and two months, respectively before admission, had ei- 
pcncnccd acute retention necessitating catheleriiation Duma, 
noctuna and hesitancy were also present 
Physical eiommation revealed a small, well preserved, elderly 
man, weighing 116 pounds (52 6 kg ) Blood pressure was 136 mm 
of mercurj systolic and 74 mm diostoUo, The pulse rate was 
72 beats per minute and the temperature 98.2° F The lungs were 
clear and examination of the heart did not reveal significant abnor- 
mnhtics The edge of the liter was palpable at the nght costal 
margin on deep inspiration and a large right indirect inguinal hernia 
was demonstrated Rectal examination revealed a hypertrophied 
prostata (graded 3 on the basis of 1 to 4) which was firm m con 
sislency and nonlcndor Tliero was no penpberal edema 
Routine unnnlysis revealed a specific gmvnty of 1 019 and was 


otherwise ncgnliv e except for 30 pus cells per high dry field Tlie 
concentration of hemoglobin was 15 6 gm per 100 cc, of blood (103 
per cent) Fry throcytes numbered 4 890 000 and leukocytes 5 500 
per cubic miHimelcr of blood Tlic sedimentation rate was 6 mm 
m one hour (Wcslergrcn metliod) A rocnlgenogram of the thorax 
revealed torsion of the aorta and some increase of bronchovesicular 
markings at the nght cardiophrcmo angle A roentgenogram of the 
kidneys ureters and bladder did not reveal any significant mb- 
normnhties The blood urea was 21 mg per 100 cc The pnticfit’s 
blood group vras A and he was Rh positive Culture of tlio bladder 
unno was found to bo positive for Streptococcus fnccalu and there 
were 160 cc. residual unne in the bladder 
Diagnosis ^ made of proslatic hypertrophy with unnary ob- 
struction and nght inguinal bcmin, and tmnsnrelhml prostatic 
resection vras advised Tlio patient was admitted to the hosnito! 
four days after admission to Uic Clinic and tbe follovnng 
while he was under spinal nneslhcsia, cvstoscopic waminatunto' 
lowrf by transurethral proslatic resection was done, a ToU 
1 - gm of adenonbromatous hyperplastic tissue being le,..,,,. 




Fig 144 (Case 2) — Course of a70lemta, dailj urea excretion via tho Jodnejs 
and the peritoneum, and daily unne Aoliime The last obse^^a1lon on blood 


urea was on the thirty fourth dav after admission 


100 mg per 100 cc , plasma cblondes 76 1 milliequivalenls per liter 
and carbon dioxide combining power 19 8 miUieqmvalents of HCO, 
per bter Tbe concentration of beraoglobin Avas 11 5 gm per 100 cc 
of blood (77 per cent) Erjtbrocytes numbered 3,800,000 and leuko- 
cytes 15,100 per cubic millimeter of blood Routine unnaljsis re- 
vealed a specific graMty of 1 015, albumin graded 4, erj'tbroc>tes 
graded 5 and pus cells graded 4 Routine measures, consisting of 
parenteral fluid therapj and hot packs to loms, were instituted 
Tlie following day, nausea, vomiting and marked abdominal dis- 
tention developed, and a duodenal tube mtb continuous suction 
was instituted 

During tbe next four days, tbe twentj-fourboururme output aver- 
aged 275 to 300 cc , but tbe urea and creatinine levels mounted stead- 
il\ (fig 144) The patient became disoriented and drovsy, mtli 
increased nausea and v omiting, and showed signs of gradual deterior- 
ation Because of this, on the cigbtli da> in tbe hospital (sev en days 
after operation) it was decided to institute pentoneal lavage 
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Lacage Period— At Hie time peritoneal la\a^ was 
concentration of hemoglobin was 7 S gm per 100 cc of blood (50 
per cent) Erylhrocjtea numbered 3,080,000 and leukocytes 9,300 
per cubic milbmeter of blood Ckiagulation time was 10 minutes 
Pertinent laboratory data are detaded m table 9 

The procedure followed was that described previously end the 
imgotion fluid used was solution (lab\e 5) vntb the audition 
of 10,000 uniU of penicillm and 1 mg of bepann per liter Because 
of the fact that on increased amount of hepann was added to the 
solution, daily dctermmations of the coagulation time were done 
for llireo days, but no increase was noted 
Marhed subjccbve and objcctne improvement was noted withm 
twenty four hours Nausea and \omiUng stopped and the patient’s 
mental condition became more clear There was no evidence of 
myocardial failure, the lungs remained dear to physical examina- 
tion, and pcnphcral edema did not deielop Fluid requirements 
were met primarily by tlie use of dextrose m distilled vrater m 
5 pet cent solution fortified with vitamins B and C (table 10) In 
addition, the patient was given 7^ grams (0 49 gm ) of ammo- 
pliyllme daily intrai cnously 

Partly because of continued bicedmg from the prostatic bed, and 
partly because of lus uremia, the patient exhibited a stubborn 
anemia for wbicb Tcpcnlod small blood transfusions were needed 
On the fiflli day of dialysis abdominal distention and a recur 
rcaco of nausea and ^omlling developed and no pcnslalUc sounds 
were beard on tasculVnlion of the abdomen These findings together 
with a Icubocyte count of 22 400 per cubic milbmeter of blood, 
elcia^ temperature, and the fact that Esebenebia cob and 
Acrobaolcr ncrogcncs had been cultured from the pcnlooea) wnsh- 
ings, led us to bclicio that pentomlis wiUi paralytic ileus had 
bUramuTCular dosago of ponicHhn was increased to 
100,000 units Cl cry three hours A Miller Abbott tube with constant 
Bangcnstcen suction served to reduce the abdominal djstentne 
and wUim throe days tcmpcrelure and Icuhocvtc count were 
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TABLE 10 

AppnoxiMATE Flied Balance (Cc m 21 Hn ) in Case 2 
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2,51B 1,412 625 2,017 
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Eight days after lavage had been discontinued, the patient was 
allowed out of bed At this tune, he began to manifest edema of his 
feet and ankles which, up to that time, had been absent It was our 
impression that this was partly static edema appearing in dependent 
position of the body after three weeks in bed, and partly due to 
increased sodium and chloride mtake ivith resultant increase of 
plasma sodium plus hypoproteinemia Edema disappeared ivithin 
five days and he was dismissed from the hospital on the twenty- 
eighth day after admission 

Comment — The exact cause for acute renal failure inth 
ohguna and uremia in this case is not clear The explanation 
most frequently advanced for such an occurrence after trans- 
urethral prostatic resection is that through dilated proslatic 
vems, exposed durmg operation, distilled Avater used to wash 
the denuded prostatic bed is absorbed, mth resultant hemol- 
ysis of red cells and obstruction of the renal tubules of the 
“loAver nephron” type Although this may be the explanation 
for the postoperative urmary suppression in this patient, one 
wonders if, m this and similar cases, stimulation of the deep 
prostatic nerve plexus could produce a reflex t^qie of anuna 
similar to that produced by Trueta and associates in animals 
The course of lavage m this patient ivas uneventful, except 
for the episode of what appeared to he paralydic ileus How- 
ever, if as we supposed, this ivas secondary to pentomtis, the 
infection resolved spontaneously with conservative treatment 
even though lavage was not mterrupted 

As m the previous case, the concentration of urea in the 
urme exceeded that m the peritoneal flmd, even m the pres- 
ence of severe, though temporary, renal damage (table 11) 
Depleted plasma protem values ivere an important factor 
m this case This could be explamed in part by the patient’s 
persistent anemia, but the presence of protein in the dialy sate 
in sizable quantities lends support to the possibility that 
protem may be lost from the plasma across the peritoneum 
m significant amounts Depletion to cntical levels w as avoided 
by transfusions of whole blood and plasma and the plasma 
protem level rose spontaneously after cessation of lavage and 
restoration of the patient's normal state of nutntion 

Our prediction and hope that “P” solution A\ould be a 
satisfactory^ irrigating fluid from tlie standpoint of clcclrolylc 
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balance Avas borne out by the fact that dunng the laA^age 
penod plasma electrolytes remained in normal balance Three 
injections of 0 9 per cent sodium chlonde solution Avere giA^cn 
during the postlaA^age penod to combat a tendency to hypo- 
chloremia in the presence of mcreasmg unnary excretion of 
chlonde until the patient’s oral intake of salt reached a satis- 
factory level for mamtenance (fig 145). 

Of interest is the curve of the blood urea levels (fig 144) 
At the time lavage Avas discontmued, the leA’^el of urea in the 
blood had decreased to 90 mg per 100 cc HoAvever, m the 
next four day sit rose gradually to 162 mg per 100 cc of blood 
despite daily mcreasmg volume of urine Then it agam began 
to decrease to a level of 50 mg per 100 cc six days after the 
patient’s disnussal from the hospital This phenomenon has 
been observed in cases reported elscAvhere, and is apparently 
due to the fact that, despite adequate volumes of urme ex- 
creted, the concentration of urea m the urme is not sufScienlly 
high at the time lavage is discontmued to prevent a rather 
sudden secondary nse Avith gradual decrease as the concentra- 
tion of urea in the urme mcreases 

As m our other cases, there Avas a discrepancy betAveen the 
volume of flmd entermg the peritoneum and that recovered 
amounting to about 22 hters (table 10) This difference over 
a penod of seA-^en days could be exqilained on the basis of loss 
of fluid by leakage around the peritoneal tubes, a complication 
Avith Avhich Ave had considerable difficulty m this case 

Case 3 — Prelatage Period — The patient, a ivoman 34 >cars of 
age, Aras admitted to the Chmc and immediately hospilahzcd 

Six days preAOOusIy, Aie learned, she had been admitted for 
emergency treatment to a hospital elsewhere because of sei^ere lover 
abdominal cramps accompamed b> profuse vaginal bleeding She 
had had two uncA^entful full-terra pregnancies previoushx and on 
admission to the hospital she had stated that her last normal 
menstrual penod had occurred about Iaa eh^e aa ecks before She had 
not appeared acutelj ill on admission and Jiad been found to haA c 
a firm regular pulse rale of 100 boats per minute Avith a blood pres- 
sure of 110 mm of mercurj s>stohc and 70 diastolic Tiie fundus 
uten had been palpated behind the s}wph}sis pubis and bleeding 
had been shght in amount Bleeding, hoiACAcr, had continued, and 
after blood groupmg and cross-matching had been done, the patient 
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bad been tnben to the operating room At this tune, the 

had been found to be 4 cm dilated mtb a large amount of tissue 



Fir 11j (Ckv 21 — TrmU ol Ibo >11110111 comlilucnU of the blood showing 
tarou of ponnlitnl ndmlnlit ration of dilfcTtot Dinda on dabr dcclrolj-ie 


P^nliiip T)ie tissue hud been removed intact 'witii o\-um forceps 
and the inlenoc of llie uterus had been explored Bleeding had not 
•uMided and the uterus bad been paeVed with 2 Inch (5 cm ) plain 
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On the patient’s return from the operating room, her color had 
been good and her pulse rate had been 120 beats per minute A whole 
blood transfusion had been started, but after 125 cc had been re- 
ceived, she had had a severe chill and had become cyanotic, a neah 
rapid pulse had developed mth a fall of blood pressure to 90 min 
systohc and 75 mm diastolic She had been placed in oxygen im- 
mediately and the foot of the bed had been elevated After these 
measures cyanosis had disappeared although her pulse had staged 
rapid and the blood pressure had stayed at low levels through the 
remainder of the day 

The foUowmg day, a cathetenzed specimen of dark brown urine 
had been obtained and found to contain a great deal of blood, os 
determined by microscopic and chemical exammation A diagnosis 
had been made of hemol^dic transfusion reaction The patient’s 
general condition had appeared satisfactory although she had a 
rapid pulse of good (juality 

Study of the patient’s and donor’s blood had revealed, ne nerc 
informed, that the patient, who was t^^pe 0, had iiiadvertentlv 
received type A blood 

On the second day the vaginal pack had been removed mth no 
recurrence of bleeding The patient had received 1,200 cc of fluid 
by mouth and had excreted 500 cc of dark bronm urine, 11111011 
microscopically showed albumin graded 4 , and erj-throc} tes graded 
4 The concentration of hemoglobin had been 7 5 gm per 100 cc 
of blood inth 3,690,000 erythrocytes and 14,550 leukocytes per 
cubic millimeter of blood 

The foUoiiing day the patient had been subjectively much un- 
proved except for some rmging in the ears She had taken 2,510 cc 
of fluid by mouth and had been given 2,000 cc of sixth-molar 
sodium lactate m 5 per cent dextrose solution, plus 500 cc of 5 per 
cent dextrose in 0 9 per cent sodium chloride solution intraA enoiisl) 
Unnarj output for this day had been 350 cc 

On the fourth day nausea, epigastric pain and moderate facial 
edema had developed Intake of flmd for this day had consisted of 
1,800 cc by mouth mth 100 cc of 20 per cent dextrose solution 
administered intravenously Unnarj" output had been 60 cc Routine 
measures such as hot packs to the loins, xanthine diuretics and 
lyTpertomc solution of glucose had been eniploj ed m an attempt to 
promote secretion of unne 

During the nexi, three dajs, despite moderate but adequate fluid 
intake and the measures described prcvioush, output of urine had 
been less than 100 cc in the next twentj-four hours vith an average 
of 60 cc dailj There had been progression of facial and periphcnu 
edema, increase of nausea iMth ^ omiting, and some degree of mental 
confusion Values for nonprolem nitrogen and creatinine had been 
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Steadily increasing and alkalosiB wtb depletion of the plasma 

clilondes had been developing (t^le 12) tKo imnn- 

Tlie paUent was admitted to the Clinic six days after the tran^ 
fusion rcacUon had occurred On admission, she was onented and 
rnUonal but slightly confused and somewhat drowsy Her tempera- 
ture was 99,2° F , pulse rate 60 beats per minute and blood pressure 
110 mm of mercury systolic and 60 mm diastoho. There was no 
obvious peripheral edema except for mild pufOness about the eyes 
EiannnaUon of the heart and lungs was negative to percussion and 
auscultation There was mild tenderness m the right flank p<^ 
lenorly and suprapubically but no organs nor masses could be 
palpated Pell 1 C examination was deferred Unnalyms revealed a 
specifio gravity of 1 014, albumin graderl 4 erythrocytes graded 2 
(on the basis of 1 to 5) and 8 leukocytes per high dry field The 
concentration of hemoglobin w as 7 8 gm per 100 cc. of blood (52 
per cent) erytlirocytcs numbered 2,430,000 and leukocytes 14,700 
per cubic millimeter of blood Coagulation tunc was six minutes The 
crvUirocyte sedimentation rata by the Westergren method was 
135 mm m one hour Blood urea was 214 mg per 100 cc. of blood 
Although excretion of unne had not completely ceased, since the 
output on the day of admission was 110 cc., in new of severe 
ohguna of foiir days duration, mounting nonprotcin nitrogen and 
creolinmo loicls, and clinical symptoms suggesting impending 
uremia it was decided to institute peritoneal lavage the following 
morning The paUont was given 1,000 cc of 5 per cent dextrose in 
dntlllcil water inlrnYenoiialy her blood was typed and cross- 
matclied for Imnsfusion and an indwclhng uretliral catlieter was 
inslallcd Antibiotic therapy was hkowiso started (30 000 units of 
penicillin and 120 000 units of streptomycin c\ cry three hours 
administered inlramuscularly) Pertinent laboratory data arc eiicn 
in table 12 

toraje Period — Luiagc was instituted on tlie second day m tlie 
hospital using modified "P ' solution to which 10,000 umts of 
penicillin and 1 mg of hcpnnn pet liter had been added 
During the next four days dialysis proceeded in an uneventful 
subyccln e improi omen I, rapid decrease of the 
uioou urea Icicl and almost immediate increase of urinary output, 

(1^ Twanrlf PCDpbeml or pulmonary edema 

.1 Tompcmliiro remained between 99 6° and 

aflrr In,"" ’ ?. On the day 

w.lhn o '^cnenced a mild chifl 

m «'nP'=Dd«re after receiimg 125 cc. of blood plM^ 

nlio.m?' quickly ns soon ns the infusion of 

hv teu enfelT^n "■« decided henceforth 

Drcty on transfusions of cross matclicd whole blood for 
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reolacement as weU as to combat BCt ere ao^m In the 


whole citrated blood, a total volu^ f rtonS^tuio of 

On the fourth day of la\age, about ^ tS p , ,_(,i a,g, 

103 5“ F developed and the patient complained of iMommal d s 
comfort aS uBtoess in her toorax ExaminaOon of the longs 
>ealed moist rales in both bases noth 

left base postenorly It was felt that acute pulmonary edema had 



£9^967e9X)}lU13M0 1frni5 
l>Qy3 

I'iK 146 (Cam 3) —Course of azoletnla dally urea oxcrcUon via ihe kldney'i 
and the pentooeum and daU) urine voluma. 

doN doped, and a roentgenogram of the Uiorax made ^vllh n portable 
apparatus confirmed IIur cbmeal impression The patient had 
Toceued 500 cc. of 10 per cent solution of dextrose intravenously 
rarher m llie afternoon and 1 000 cc. of 10 per cent solution of 
ncxlroso the dnj previously for the purpose of improving her nu- 
tntionnj slate Tlic pulmonary edema developed after she bad 
rt'coucd 50 cc. of -whole blood Transfusion vras immediately dis- 
^tmued and llie patient was placed m an oxygen tent, rapidly 
1 ipUilucd ond given 10 cc. (3Ji groins [0 21 gm ]) of solution of 
nmmophjlhno inlraienouslj Four hours Inter, her condition hod 
her teinpcraluro was foiling, and there 
i^iTi >" •''« lung hoses. As o result of hyper- 

tberopv fbecxpcnenced mntkcd diuresis and cx^red 

Ttic following day the patient was pi on 200 cc of whole blood 
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without reoct.on Late that afternoon and again 
mcrcaso of basal rail® was noted mth J 

although the patient did not manifest a nse of f 

or cyanosis. On two occasions within twelve hours 1,000 co o 
5 per cent solution of dextrose in distilled water were run t^ugb 
the ponloneal cavity, ivith rather dramatic dei^ of auscidtatory 
cndence of pulmonary moisture and a fall of the pulse rate from 

110 beats per minate to 90 , „ i r * 1 , 

The foUomng monung dialysis was discontinued. Culture of ime 
peritoneal fluid negatii'O heretofore, was reported positive for 
Csehenchia coh 

Ailhougli \\'cre not certstm ftt that tuna that renal function 
had unproved sufllciently despite adequate nnnary output to pre- 
vent recurrence of nrc^a, this risk seemed less than that of eU- 
counlenng more senous comphcalions such as fatal pulmonary 
edema or bleeding 

Potllaraae Period — After disconUnuonce of dialysis, the patient 
was allowed unrcslncled fluids by mouth, and administration of a 
liquid diet inth no salt restncUons was started Flmd intake was 
augmented with parenterally injected flmd (5 per cent of dextrose 
in 0 9 per cent solution of ^lum chlonde) dunng the next three 
days, after which time her oral intake was sufBcient in volume to 
accommodate her needs. 

Twenty four hours after lavmge had been discontinued, coagula- 
tion lime hod returned to six minutes Because cultures of the 
peritoneal wasbinp obtained on the fifth day of dialysis were 
positive for Pseudomonas, antibiotic therapy vras continued for 
forly.eigliV hours after cessation of lavage, although at no time 
were chnical signs of pentomlis evident. 

Did was advanced to a soft and then to a general diet as rapidly 
as the patient could tolerate it, and she was allowed out of bed 
on the eleventh day in the hospital four days after lavage had been 
eisconlinucd A roentgenogram of the thorax was reported negative 
oa this date Her recovery from then on was rapid and without 
incident and she was dismissed from the Iiospital on tlic ciglileentli 
dismissal a routine urmalysis showed a 
^IIC gravity of 1 006 albumin graded 1, wiUi negative results 
oi microscopic examination The concentration of hemoglobin was 

cvtiaTn,v'Tniri'‘7 P"' ® cry thro- 

y « and 4,800 leukocytes per culnc railhmeler of blood 

wasTnUreU P“^'''V*, phyaician reported that she 

™ “>'>"Pl'>'natie and had a concentralioa of licmoglobm 

^Wm^Tmote^rhl^"' erytlwocytes per 

mS'uu^;;!r case was llie 

snccessful of onv ottcniptcd In us and it was our t„i. 



1058 


H M ODEL, D O FERiUS, M H POWER 


pression that this may have heen due to the use of modified 
“P” solution The patient appeared more comfortable during 
the lavage penod than did the previous 2 patients, and ve 
were able to mamtam a higher rate of flow ■without discom- 
fort We mterpreted this as bemg due possibly to action of 
the citrate m the solution m inhib iting formation of fibnn 
on the mtestmal cods ivith decreased tendency to mattmg 
and channehng 

“ P ” solution was modified m an attempt to correct its high 
alkalimty (pH 8 1) It was found, however, that modified “P” 
solution has a pH of 8 4, makmg it necessary to adjust the 
pH to 7 5 with citnc acid before use One observation jn the 
present case has raised a question m our min ds as to the ad- 
visabihty of usmg modified “P” solution as an irrigatmg 
flmd The return of the blood electrolytes to normal or near 
normal levels during the period of dialysis leads us to feel 
that modified “P” solution likewise fulfills the cntena for a 
satisfactory urigatmg flmd from the standpoint of electrolyte 
balance (fig 147) However, although electroljdiicaliy it is m 
satisfactory^ balance -with normal blood plasma, the prolonga- 
tion of the coagulation time of the patient’s blood makes it 
apparent that sufficient citrate was absorbed from the penlo- 
neal cavity to alter the coagulabihty of the blood significantly 

Pulmonary edema was madvertently mduced on the fourth 
day of lavage by the intravenous use of dextrose in 10 per 
cent solution for the purpose of augmentmg the patient’s 
nutntional state We feel that this solution increased the 
osmotic pressure of the blood sufficiently over that of the 
irngatmg flmd to cause diffusion of water from the peritoneal 
cavity into the blood stream with resultant hydremia and 
pulmonary edema We feel that this factor, rather than that 
of reaction to transfusion, was responsible for the compbca- 
tion because she had received 1,050 cc of cross-matched whole 
blood \vithout incident prior to this episode, 250 cc of tins 
amount bemg from the same donor as that which vas being 
adimmstercd at the tune when pulmonary^ edema occurred 
Except for this incident, fluid balance m this patient appeared 
to be satisfactory* As m cases 1, 2 and 4, there v as consider- 
able discrepancy between the xolume of flmd entering tiic 
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pentoneum and the volume recovered, which we led can be 
largely explained (except m case 1) on the basis of leakage 
around the tubes (table 14) 


ChlopIcUo 


COt 

combining 
powtr 
mEq HCOj/llur ^ 




^ owtMaQ 
»adhim 

Wioit 

CCiuaiMeDib In 
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4 * • 10 tt 
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ot Iho vorimt coMtltocnU of the blood iboKln. 

'>«■ the possibility of cntical pul- 
hN emplojcd a dc\ ice first omplo> cd chiucally 

hal6„ and Rosonak and more recently us^ In lC2 






T/lBLE 14 

AppnoxiAfATE Fluid Bai^nce (Ca in 24 Hn ) in Case 3 
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and associates", namely, the "washing out” of flmd. and 
electrolytes tna the pentoneum by a hypertomc solution — 
5 per cent solution of dextrose m distiUed water Smce, how- 
ever, such a solution does not contain any electrolytes, 'senous 
depletion of electrolyte^ may result if the measure is employed 
too frequently over too long a period Muirhead and associ- 
ates" remo\ ed 60 to 70 gm of sodium chlonde m twenty-four 
hours by lavaging the j^entoneum with 5 per cent solution of 
dextrose This is simply a climcal apphcation of the experi- 
ments of Darrow and Yannet, and is not recommended for 
use except m extremely emergent situationB, for such a 
measure is fraught with possible dangerous shifts of flmd and 
electrolytes under certam conditions 


^ -f Period —The patient, a man aged 49 years. 
I^t the Ctmic with a lesion m the upper lobe ot^ 

® «>e“t«enogram of the thorax 

atelectasis and abscess 

merrarylls^rioA pressure of 138 mm of 

per mmutrnnrt 11 I diastohc. Tlie pulse rale was 112 beats 
K inciL.^ ! temperature was 98» F Breath sounds appear^ 

t“'ly n^atue. ^ ^ ^ physical cxnmmation were cssen- 

omaklri wa?30^g‘^f MO negative and the blood 

I'oentgon^ms J’i!?^ n mlUimeter of hlaj 

of thTngult 

Pertmnofthe lung The W,'' ® of the apical 

«« ‘ Innaml"^!'^' IZll" ‘I*® 
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In View of the indeterminate nature of the lesion m the right 
upper lobe, exploration of the right lung was advised The patient 
entered the hospital three days after admission to the Clinic, and 
n ne days later the right thoracic cavity was explored Adlierence 
of the parietal to the visceral pleura over an atelectatic right upper 
lobe was found, and right upper lobectomy was done The patholo- 
gist reported a bemgn inflammatory bronchial stricture with an 
airless contracted pulmonary lobe peripheral to the stricture The 
patient mthstood operation satisfactorily, althougli it was neces- 
seiry for him to receive 1,000 cc of whole citrated blood After 
operation, he became moderately cyanotic, but was reheved by 
removal of considerable bronchied secretion by suction through a 
bronchoscope and admmistration of oxygen 
Although the patient’s general condition improved considerably 
after surgical intervention, he became obguric tlie day after oper- 
ation An mdu elhng urethral catheter was installed but in the next 
five days, the twenty-four hour urmary output ranged between 
20 and 60 cc Conservative measures were employed during this 
period in an attempt to induce spontaneous resumption of renal 
function but to no avail With the development of acute unnary 
suppression, retention of urea, sulfate, phosphate, and other end 
products of protein raetabohsm was noted, and on the fourth day 
nausea, vomiting and drowsiness were observed Significant labora- 
tory data are recorded m table 15 
iMvage Period — On the fifteenth day m the hospital, because of 
progressive renal insufficiency and signs of chnical uremia, it was 
decided to attempt peritoneal lavage The procedure ivas earned 
out according to the method described before, “P” solution buffered 
to pH 7 6 being used as irrigating flmd mth the addition of 10,000 
units of penicillin and 1 mg of heparin per hter The patient had 
received 30,000 umts of penicilhn every tiiree hours intramuscularh 
since the operation, and at this point 120,000 umts of streplora j cm 
admimstered intramuscular y every' three hours were added 
La\age was earned out satisfactorily' and ivithout incident for 
seventy-two hours Chmcally' the patient looked much improved, 
although pulse and temperature continued elevated (temperature 
101° to 103° F., pulse 100 to 120) The blood urea level dropped 
^ 90 mg per 100 cc in this penod (fig 148) Throughout the lavage 
period, supplemental parenterally administered fluid consisted of 
^,500 to 2,000 cc daily of 5 per cent solution of dextrose fortified 
with vitamins B and C, with tlie addition of 7 grains (0 45 gm ) of 
ammopliylhne (table 16) 

On the evemng of the third day of lavage, profuse leakage of 
fluid around the inflow tube was encountered, and little or no 
dialysate could he recovered from the outflow tube by suction 
Lavage was stopped, for it was suspected tliat a pocket liad formed 
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around the inflow tube Reversal of the flow failed to re-estabhsh 
satisfactory flow, and it was necessary to insert a catheter through 
a trocar in the left lower quadrant of the abdomen, in order to 
establish satisfactory flow of fluid through the peritoneal cavity 
After this, lavage was resumed and a satisfactory rate of flow was 
accomplished Despite this, the level of urea in the blood steadily 
increased (flg 148) and the patient’s condition began to detenorate 
Ohguria persisted, drowsiness increased to stupor, and frequent 
muscular twitchings developed On the fifth day after lavage had 



Days 

Fig 145 (Case 4) — Course of azotemia, doilj urea cvcretion -via the kidne>8 
and the peritoneum, and dailj urine volume 

been started, moist rales vere heard in both lung bases, and the 
patient sank into a deep stupor and died 

Necropsy Report — At tlie time of the postmortem examination 
> ^ was edema of the ankles, grade 1+, and edema of the sacrum 

d back, grade 1 TJie peritoneal cavnty contained 50 cc of cloudy 
.ellon fluid The intestinal coils vere dull m appearance and the 
omentum vas adherent to a considerable portion of the small 
intestine and the right lateral abdominal nail, and to the abdominal 
wall m the left upper quadrant of the abdomen around the site of 
the inflow tube The omentum, together mth old adhesions and 
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Total fntnko 135 5-J5 cc- 
Total outpat 96 941 cc 
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mth the other organs, formed a pocket which opened into the 
incision in the left upper quadrant and appeared to have no other 
exit Hie pentoneum was dull m appearance and there were multiple 
flecks of fibnn on its surface Tliere was no free fluid in the pleural 
cavities and pulmonary congestion in both loner lobes nas graded 
1+ on the basis of 1 to 4 Both kidneys appeared to be increased 
■n size and theu consistency was somewhat flabby Tlie kidneys 
appeared swollen and edematous on cut section and the cortex was 
pale pink There were multiple submucosal hemorrhages in the 
calices, pehns and ureter of the left kidney 

Histologic examination of the peritoneum revealed evidence of 
mild chrome orgamzing pentomtis The exudate was not purulent 
and organisms were not demonstrated in large amounts ^Tiile one 
could not defimtely establish the nature of the pentomtis, it was 
the opimon of the pathologist that the reaction demonstrated was 
preponderantly chemical in nature rather than bactenal 

Sections of the lungs revealed edema, congestion in the inter- 
alveolar tissue and a few regions of hemorrhage 

Sections of the kidneys were said to show a microscopic picture 
classic m nature for so-called hemoglobmunc nephrosis Pigmented 
casts were seen in the lower portion of th', convoluted tubular 
system and collecting tubules Regions were seen in winch hyahne 
casts were present in the convoluted tubules There was e^^dence 
of interstitial inflammatory reaction with collections of Ijunpho- 
cytes Granulomatous reaction was seen around many of the hyahne 
casts, some of which had been extruded mto the interstitial tissue 
In addition, there were varying degrees of degeneration in the 
tubular epithehum 

The final pathologic diagnosis was (1) stenosis of the bronchus of the 
upper lobeof thenght lungwith atelectasis, (2) recent abdominal inci- 
sions (left upper quadrant and nght lower quadrant) for peritoneal la>- 
age, (3) uremia, (4) pulmonary congestion (5) pentomtis (chemical?) 

Comment — The immediate cause for renal suppression in 
this case, as m cases 1 and 2, is open to question It is possible 
that operative shock and renal anoxia durmg the episode of 
cyanosis immediately after the operation were contributory 
factors However, the episode of cyanosis was of short dura- 
ion and was qmckly reheved by bronchial aspiration and 

I nistration of oxy*gen It is possible that transfusion re- 
action may have been a factor, and the presence of granules 
of hemoglobin m some of the tubules noted on histologic 
exammation lends support to this possibility However, no 
chmcal signs of transfusion reaction were noted and the blood 
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recco ed was compatible blood insofar as both blood grouping 
and Rh factor irere concerned We have occasionally en- 
countered acute urmarj suppression after abdominal or pelvic 
operations, but this is the first tune that ive hai e encountered 
such a situation after a thoracic surgical procedure 
This case represents, ftirther, a comphcation to peritoneal 
laiagc not previouslj encountered by ns, namely, that of 
channehng and pocketing about the inflow tube with the loss 
of adequate surface for successful dialysis The patient pre- 
Mously had undergone cholecystectomy, and at necropsy was 
found to have multiple mtra-abdommal adhesions, which un- 
doubtedly cemtributed to the formation of the pocket 
Laiogc was progressing satisfactorily with noticeable dim- 
eal unproi ement m the patient’s condition until the evening 
of the thud day, when the pocket closed Up to this lime, the 
lei els of retention products in the blood had been falling 
atcadilv (table 15), and large amounts of urea had been re- 
wiered m the dioJysate (table 17) After re-estahhBhnient of 
How through the pentoncum however, despite maintenance 
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of what should have been an adequate rate of flow, urea levels 
mounted steadily and excretion of mea via the peritoneum 
decreased markedly In reality, the result Avas as if lavage had 
been discontmued prematurely on the third day 



Fig 149 (Case 4) — Trend of the various consUtucnls of the blood showing 
the effects of parenteral administration of different fluids on daily electroljtc 
balance 

Electrolyte balance Avas reasonably AveU maintamed across 
the peritoneum (fig 149) However, both chlonde and plasma 
bicarbonate levels Avere persistently shghtly subnormal. This, 
our opimon was due to impairment of the dialyzing roem- 
rane by channeling. 

GENERAL COAEMENT 

From the foregoing discourse and report of cases, it can be 
seen that peritoneal laAmge, although estabhshed climcally as 
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5 ot treatmg acute renal failure wtJi anuna and uremia 


amcanac 


a Ul uwuiifi aviAtv « 

« not without certam hazards and complications, some ol 
which may be serious Because of this, and smee. at m 
patients with advanced orgamc renal disease rl can lead only 
to temporury clinical improvement, ite use as a therapeutic 
measure should he restricted to those cases m which acute 
renal faHure is associated with reversiblB renal lesions 
The nsk of lethal penlomtis, although small, nevertheless 
remains a factor with which to reckon Pentoneal contamma- 
Imn appears to occur m a large percentage of cases, whether 
or not a bacterial filter is used m the system WTiether or not 
the use of improved pentoneal tubes will reduce the mcidence 
of pentoneal infection remains to be seen. There can be no 
doubt that the antibiotic agents, pemcilhn and streptomyem, 
added to the imgalion fluid and admimslered parenterally 
are of the utmost importance m control of this comphcation 
Difficulties m the mamtenance of adequate electrolyte and 
water balance on both sides of the dialyzmg membrane con- 
stitute the greatest hazards It has been sbeovn repeatedly 
that this balance is extremely debcale, and minor changes of 
technic, composition of fluid or parenteral therapy may pro- 
duce rapid and in some cases deleterious consccpiences The 
complications of 50\ ere dehydration, electrolyte depletion and 
O'erhjdration with mnssne ponphcrol or pulmonary edema 
are of such magmlude that they cannot be underestimated 
Channeling and pocketing of the omentum and mlestmal 
cods aliout either the inflow or the outflow tube, with dis- 
^ption of the flow of pentoneal fluid and reduction of the 
jnng surface, consliiulo a further complication to the 
m I’crbaps the reduction of the incidence of pen- 

oneat contamination and inTcction and the addition of hepana 
c imgating fluid m mcrcascd amounts will, to a great 
rnim tlus hazard There xs no doubt that 

OTicrm “dhcsions resulting from pre\ lous obdommal 

“"row dt eloper''"' ^ 

possibilities arc homo constantly in 
The acbic\ed often justify the nsks intolved 

lure Itself is linsically snuplc, and the apparatus 
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can be constructed and assembled m any hospital Facihlies 
for prepanng stenie perfusion fluid m large amounts must be 
available, as ivell as an adequate climcal laboratorj^ for 
analysis of blood counts, chenucal exammation of the blood 
and the other indicated studies Beyond this is needed an 
mterested clmician, informed as to the basic physiology of the 
pentoneum as a dialyzing membrane and as to the Avater and 
electrolyte requirements of the patient, and Avith mmd and 
eye alert for the development of comphcations 

In summary, it is our opimon that Avhen acute suppression 
of renal function Avith increasing renal msujQficiency develops, 
several days of routme intravenous therapy and supportive 
measures should first be employed m an attempt to promote 
formation of urme If, at the end of this time, conservative 
measures have failed, and it appears that fatal tennmation 
of the case may result, then the procedure of peritoneal lavage 
should be imtiated as a lifesaving measure 
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Total protein 
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THE administration OF ANTIBIOTIC PREPABATIONS 
BA THE AEROSOL METHOD i A CRITICAL 
EVALUATION* 

ABTinnv M Olsen 

Aerosols are mists of medicated solutions When such 
mists are inhaled by a patient, the treatment is called aerosol 
iherap) Aerosols usuallj are produced by the forceful passage 
of air or some other gas through a nebulizer ■which contains 
the solution to be nebulized In 1919 Heubner reported that 
a solution must be broken into very fine particles if the 
medication is to penetrate the bronchioles and al% eoh. 

Much of the pioneer work m the field of aerosol therapy 
was done by Barach and his associates Much credit also 
thould go to Caster, Capdehourhat and their associates m 
Argentina, who ha\ e worked ■with aerosols for many years 
Many different drugs ha\e been administered by the 
method of inhalation. In the earher years, the various bron- 
diodilator substances were used extensively In 1935 Graesser 
demonstrated that epmephrme m 1 100 solution 
*'®hulizcd and inhaled by the patient inth acute 
^tuna and that a i ery beneficial result could be obtamed. 
ulions of sulfonamides were nebulized, especially in the 
talent of pulmonary suppuratii e diseases Unfortunately, 
urtion of sidfonamides is inhibited in the presence of 
™ ent exudates Aerosols of promm were used m the Ireat- 
htrstm tuberculosis at the Clmic in 1941 ' 

foiitill Laskm demonstrated that solutions of 

(tjjj „ aerosolized and that the drug was absorbed 

liUe. excreted in the urme m substantial quan- 

ntjqj, Cbnic* it was found that strepto- 

p ^ nebulized either alone or in combination with 
years aerosol therapy has been used 
Man\ '^ndtUons 

— — * erent t i-pcs of equipment has c been used to pro- 

' .. 

^ W I j ^ ^ S^Knj la MHical Science Aawwan Awocia 

in tJt Saeoce Chjcflpo Iflmoli, I>ccml>cr 26 to 31 
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duce therapeutic aerosols The most commonly employed 
apparatus' consists of a glass vessel called a nebulizer A 
medicated solution placed withm this vessel is made into a 
fine mist by a stream of air or oxygen which passes through 
the vessel and forces the hqmd against a glass baffle In a 
properly constructed umt the size of the majority of the 



Fig 150 — One type of apparatus used for nebulization therapy Oxygen is 
used as the source of positi\’e pressure, 4 to 6 liters per minute arc reqmred 
The Y tube is closed during inhalation and is opened during ethalotion In 
this drawing the “vnponefrin” typo of nebulizer is depicted (Reproduced, 
■with the permission of the publishers, from Olsen, A M Nebulization therapy 
in bronchiectasis the use of penicillin and slrcptomyxin aerosols JAMA 
m 947-952 [July 12] 1947 ) 

particles produced yvill be in the 0 5 to 2 micra range The 
optimal size of a particle for penetration mto the smaller 
bronchioles and alveoli is approxmiately 1 micron Larger 
particles will be deposited on the mucous membranes of the 
mouth, hypopharynx, trachea and large bronchi The timest 
particles are hkely to be exlialed ivith the expired air A 
number of commercial nebulizers have proved to be satis- 
factorss one of these is the A'aponefrin nebuhzer 

The simplest apparatus consists of a nebulizer connected 
to a tank of owgen or compressed air The many modifica- 
tions of this apparatus (fig 150) are designed to consen e the 
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duce therapeutic aerosols The most commonly employed 
apparatus consists of a glass vessel called a nebulizer A 
medicated solution placed -withm this vessel is made mto a 
Gne mist by a stream of air or oxygen which passes through 
the vessel and forces the hqmd against a glass baffle In a 
properly constructed umt the size of the majority of the 



Fig ISO — One type of apparatus used for nebvlizaUon Ihernpj Oxygen is 
used as the source of positive pressure, 4 to 6 liters per minute are reqmred 
The Y tube is closed during inhalation and is opened during exhalation In 
this drawing the “vaponefrin" type of nebulizer is depicted (Reproduced, 
with the permission of the publishers, from Olsen, A M Nebuhzotion therapy 
m bronchiectasis the use of penicillin and streplomjcin aerosols JAMA 
947-952 [Julj 12] 1947 ) 

particles produced ^vlU be m the 0 5 to 2 micra range The 
optimal size of a particle for penetration mto the smaller 
bronchioles and aJveoh is approximately 1 micron Larger 
pEirticIes will be deposited on the mucous membranes of the 
mouth, hypophar^mx, trachea and large bronchi The limest 
particles are hkely to be exhaled with the expired air A 
number of commercial nebulizers have proved to be satis- 
factory; one of these is the vaponefrm nebuhzer 

The simplest apparatus consists of a nebulizer connected 
to a tank of oxygen or compressed air The many modiGca- 
tions of this apparatus (fig 150) are designed to consen e the 
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druE to make tie process of mkalataon easier for the patient 

s p~e„. 1 ”“V' 

Thus the use of a Y tube permits nehuhzaUon d^ug the 
inspirator^ phase of respiration. Vanous types of rebr^thmg 
apparatus help to conserve the drug An autonmtic demwd 
apparatus has been devised which is on aid to the patient m 
taking his treatment The nebulizer may he attached to 
masks or hoods tor ease of adnumstration The humidifica- 
tion of oxygen as it leaves the tank reduces the local reaction 
in the mouth Both Borach, and Segal have shorVn that a 
higher concentration of penicillm m the hlood can be obtained 
if a warm, humidified aerosol is produced The use of a hand- 
operated or foot-operated tire pump has been advocated for 
home treatment and has been found to be satisfactory by 
some patients 

An entirely different method of producing aerosols has been 
devised by Pngal He described a combined steam generator 
and acrosolizer which produces warm, moist aerosols I have 
had no experience with this method but Pngal stated that 
\ ciy satisfactory concculrations of the drug used m the blood 
are obtained 

Barach devised a method of treating smusitis by the m- 
halation of pcmallm aerosol directly mto the noslnls His 
apparatus provides for ncgaVix o pressure in the sinuses I have 
had no personal exponenccxvith the treatment of smus disease, 
but the method desenhed has been used by sot oral mvestiga- 
lore with good results 

Tins presentation is concemod prunonly tnlh the admmis- 
tratien of antdiiotio aerosol and 1 shall attempt to evaluate 
the effleaej of ginng pemcdlm and slreptomycm aerosols 
1 tmicillm 1ms been used cstcnsivdy as an aerosol and much 
inlomiation m nvadahlc eoncermng lU absorption and excre- 
"* on a t ancly of disease processes 

’n ph>-Biologic salt soluUou and 
ts ufi^ m coiicemraaons xorying from 10,000 to 100,000 units 
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were able to recover from the urme 60 per cent of the pemciJhn 
adnmustered by means of inhalation to normal healthy adults 
Concentration of pemcillin in the blood vanes considerably, 
but values commonly fall between 0 05 and 0 10 umts per 
cubic centimeter one hour after the inhalation of 50,000 units 
per cubic centimeter 

At the Clmic we have had considerable expenence wlh strep- 
tomycm as an aerosol We have used streptomycin hydro- 
chlonde m concentrations varying from 0 025 to 0 1 gm per 
cubic centimeter of physiologic sahne solution Concentrations 
m the blood have been negligible and only minute quantities 
of the drug have been recovered from the unne 

On the basis of our present knowledge at the Chmc, we 
cannot advocate the use of the aerosol therapy of diseases 
other than those affectmg the respiratory tract Although 
pemcdlm reaches the blood through the alveoh, the concen- 
trations obtamed are variable, uncertam and dependent on 
the efficiency of the subject m mhahng the drug The ab- 
sorption of streptomycin through the pulmonary circulatory 
system is almost ml Hence, the admmistration of antibiotic 
aerosols cannot be recommended as a substitute for the par- 
enteral admimstration of antibiotic preparations 

If antibiotic aerosol therapy has merit, it is because of the 
topical effect exerted by the mhaled preparations on the 
bronchial mucosa and the mixing of these drugs ivith purulent 
bronchopulmonary secretions There is considerable evidence 
to mdicate that pemcdlm and streptomycin aerosols do have 
a demonstrable local effect on bronchial infections In our 


ex-penence this is best illustrated m treatment of purulent 
bronchiectasis In the first place, the parenteral administra- 
tion of pemcdlm and streptomycm has not proved to be 
beneficial m a considerable number of cases of bronchiectasis 
Injections of these drugs have not materially reduced the 
volume of pulmonary secretions, it is usually impossible to 
recover any of these antibiotics from expectorated material, 
* repeated cultures of the sputum after intramuscular injections 
' have faded to reveal any significant alteration m the bac- 
teriologic content of the sputum On the other hand, after the 
mhalation of these antibiotics most of our patients have ex- 
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pcnenced a marked reduction in the vdivme of sputum. 
Furthermore, both pemciUm and etreplomycm can be demon- 
strated m the sputum in significant cpiantities set eral hours 
after inhalation has been discontinued In many mslances 
bacteria ha> e been eradicated from the sputum by a course 
of therapy 
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gram-negative baclena were not isolated from sputum cul- 
tures until after the patient had been treated mth pemcilhn 
aerosol Barach and others have pointed out that these gram- 
negative bactena apparently elaborate a “pemciUinase” which 
interferes >vilh the bacteriostatic effect of pemciUm 

The determination of the sensitinty of specific orgamsms 
to pemciUm or streptomycm is a most important feature of 
the bacteriologiG study of bronchial secretions When feasible 
such studies were earned out before and during aerosol 
therapy Bactenologic studies are difficult and time-con- 
suming I am greatly indebted to Dr Fordyce Heilman and 
Dr Luther Thompson for their co-operation m this study 

Certam hnntations of aerosol therapy in treatment of 
bronchiectasis should be pointed out Tffie bronchial dilata- 
tion of bronchiectasis is a permanent change and the suppu- 
rativfe process is a comphcation of damage of the bronchial 
tree If the patients are not suitable for pulmonary resection, 
relapses may occur after cessation of therapy Continued 
treatment on a modified scale is essential if improvement is 
to be mamtained Whth contmued treatment, resistant bac- 
tena are hkely to appear in bronchial secretions Gram- 
negative bactena are especially hkely to become resistant to 
streptomycin The development of resistance by bacteria 
may well account for some of the failures in aerosol therapy 
and makes the treatment of recurrent bronchorrhea more 
difficult 

The efficacy of aerosol therapy in otlier bronchopulmonaiy' 
conditions depends on the extent to Avhich susceptible bac- 
tena are responsible for these conditions In some cases of 
early lung abscess it seems to have value In asthma and 
emphysema the use of antibiotic aerosols is helpful only when 
these processes are associated mth bronclual infection which 
can be controlled by the inhalation of antibiotics In general, 
our experience mth antibiotic aerosols in these conditions at 
the Climc has not offered promise Certain patients mth 
chrome bronchitis ha^ e been Iielped by aerosol therapy W e 
camiot recommend inhalation treatment m acute Aurus in- 
fections of the upper part of the respiratory tract I^o^^evcr, 
m some instances m wliich respiratory infections have been 
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TABLE 1 


Gram-positn e 

Gram-negaln e 

Pneumococcus 
Streptococcus 
Hemolytic type 
Nonhemolyiic tyTie 
Staphylococcus 
Micrococcus 

Eschenebja cob 
Hemophilus influenzae 
Aerobneter aerogenes 
Klebsiella 

Pseudomonas aeruginosa 
Proteus 


‘Reproduced, with permission of the publishers, from Olsen, A M 
PemciUm and streptomjcm therapj for chronic bronchiectasis Minnesota 
Med (In press ) 


be isolated from sputum cultures Tbe value of aerosol therapy 
m bronchiectasis is limited by the tendency of bronchial m- 
fections to recur and by the development of resistant strains 
of bactena m bronchial secretions Gram-negative bactena 
§ire particularly hhely to become resistant to streptomycin. 
Aerosols of penicillin or streptomycm are sometimes helpful 
in the treatment of nontuberculous lung abscess TJieir value 
is limited by tbe difficulty in getting the drug into the diseased 
portion of the lung Nebuhzation therapy may he helpful m 
treatmg patients 'vvith asthma, emphysema and chronic bron- 
chitis only if these conditions are associated vitli infections 
of the bronchial tree caused by bactena sensitive to the 
antibiotic used Aerosols are of no A^alue in lieatment of 
respiratory infections caused by viruses In general, the re- 
sults of bactenologic eAammations of bronchial secretions 
should pro\Tde the mchcations for antibiotic aerosol therapy 
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THE TRANSPORTATION OF PATIENTS BY AIR 
Jan H TnxiscH 

Tiunbpoutation by air causes a change m the 
environraeDt of the passenger to ivhich the body must 
If the uidividual is sick the adjustment, if it is accomphsnecl, 
is made mlh greater difficulty than under ordmary circum- 
stances It, therefore, is important that contemplated air 
travel for a patient be considered m hght of the extent of 
environnientd change and the patient’s ability to adjust to 
ibis change The environmental changes that take place with 
ascent to altitude are as follows atmosphenc pressure is 
decreased, inth resultant lowering of the oxygen tension, 
cxpanaon of gases m body cavities and ev olution of gases m 
body fluids, and cold is increased 
The most important physical effect of gomg to altitude is 
the lowered oxygen tension m the ambient air As a result of 
tins lowered oxygen tension at altitude the mdividual has a 
deficit in artenal oxygen tension. This is known as “anoxic 
anoxia ’’ Tlic symptoms of acute anoxic anoxia encountered 
m ascent vary somewhat in different mdividuals. In general, 
however, up to 14,000 or 15,000 feel if exposure is not too 
prolonged, there ore few, it any, symptoms of anoxia because 
the compensatory mcchaiusms of the body provndo adequate 
defense These compensatory mecharasms brought into play 
vnlh hcgmnmg anoxia, arc mcrcascd depth and rate of res- 
piration ond increased pulse role and blood pressure. Above 
15 000 feet the compensatory mechanisms no longer suffice 
and symptoms of anoxia dev clop The most stnkmg symptoms * 
ore retardation of mental and physical processes, unpainncnt 
of the special senses, especially vision, pronounced fatigue, 
and fr^cntlj changes m personality sucli ns euphona 
.0 000 to .3,000 feet unconsciousness usually occure 
The nficrcirccts of anoxia are headache, Iclbargy, nausea and 
vomiting, or severe prostmUon, Recovery usuallv lakes place 
m livcniv four to fortv-cigin hours. 

In mmlcm mrcraR, anoxia at high nllitude is prev enlcd bv 
the use ofoxvgen Tlie conuncroal transport plme usuSv is 

10S7 
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equipped -witli a constant-flow oxygen system and a BLB 
mask Many of the newer planes have pressure cabins, mam- 
taunng a constant altitude of about 8,000 feet up to an 
ambient pressure of 25,000 feet Anoxia resulting from alti- 
tudes of 12,000 to 15,000 feet or above is prevented m most 
instances by adequate oxygen equipment However, between 
10,000 feet and 12,000 feet anoxia may be present but it is 
compensated for by the normal healthy mdividual The sick 
mdividual may not be able to adjust as well to the oxygen 
want encountered at these altitudes and serious comphcations 
may anse from the additional anoxia Altitudes between 
10,000 and 12,000 feet are emphasized because oxygen may 
not be a dminis tered due to ignorance of the crew for its need 
by a sick passenger or due to the fact that planes flymg with 
these levels as maximal altitude may not have oxygen equip- 
ment for passengers Fortimately at the present time the usual 
passenger plane has satisfactory oxygen eqmpment Thus m 
advismg a patient, who already has anoxia, to fly one must 
take mto consideration the degree of his anoxia, the degree 
of anoxia to which he will be exposed due to altitude and to 
duration of exposure, and last the presence or absence of 
oxygen eqmpment on the plane 

The second effect of decreased atmospheric pressure en- 
countered at high altitude is the expansion of gases inthm 
the body cavities Boyle’s law states that a given quantity of 
gas varies in volume mversely m proportion to the absolute 
pressure exerted upon it Thus a given quantity of gas at sea 
level will approximately double in volume when taken to 
f 18,000 feet 

The structures most commonly affected by the expansion 
of gases at high altitudes are the middle ear, the smuses, and 
the gastro-intestmal tract Of these the ear is most frequently 
affected As the barometric pressure is :?:educed dunng ascent, 
the expanding air m the middle ear causes pressure which 
^ eventually becomes sufficiently great to force the au out 
* ough tlie eustachian tube The pressure ivithm the middle 
_'ar then becomes equahzed with the outside pressure Dunng 
' descent the barometnc pressure increases, and the pressure m 
the middle ear faUs below that of the external au With tins 
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negsuve pressure in the middle ear it is df 
Sa unpossible, to open the euslach.an lube Aero^um 
media” 18 tlie term used to descnbc the traumatic i^am- 
mation caused by the difference in pressure between the ex- 
ternal air and the air in the middle ear 
k phenomenon smukr to that which occurs m the middle 
car takes place m the paranasal smuses with changes in 
haromotnc pressure. If the sinuses ore normal, air passes 
mlo, and out of, the cavities and thus produces equalization 
of pressure at the usual rales of ascent and descent If the 
smusal oponmgs are obstructed for any reason, as m sinusitis, 
such equalization of pressure docs not take place. The differ- 
ence m pressure between the air in the smuses and the ex- 
ternal atmosphere, produces pronounced pain which may 
occur either on ascent or on descent 
The gastro-mlcstmal tract normally contains varying 
amounts of gas The sources of gas m either normal or ab- 
normal amounts ore swallowed air, digestion, fermentation 
and haclenal decomposition of food, faulty absorption of gas 
from tlic gaslro-hvtestmel tract, and secretion of gas from the 
Wood Most of the gas IS conlmncd m the stomach and large 
mtcstmc Dunng ascent the gases m the gastio-intesUnal 
tract expand Ordmanl), relief is obtained by bdehmg and 
by tiie passmg of flatus In some persons, however, expianBion 
of gas because of inadequate cbimnntion, or entrapment of 
gas in the gaslro-mtcsUnal tract causes extreme discomfort. 
The third effect of decreased atmospheno pressure, the 
generation of gases m body fluids, rarely occurs below 25,000 
feel and therefore is not encountered m the transportaUon of 
palients m commercial airline or pnvate planes It is suffi- 
cient to say that with the marked decrease in atmospheric 
prexmte fomid at 25,000 feet bubbles are found m the tissues 
and m the bl^l and other body fluids These produce vanous 
TOoms. tlie most frequom of which « jiam m Uio 
bom and extremities -aluch is known as the “bends ’’ 

The factor of decreased temperature occurrma 
mtwed altitude is not important m the tronsportabon of ib' 
ill jwrsoii Wnusc of the adequate lieatmc^Stonf nf ^ 

.r u™, tllS 
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on ascent to altitude and their effect on passengers enables 
one to give more accurate advice concermng transport of 
patients by am Diseases of the upper part of the respiratory 
system are seldom actual contram^cations to transportation 
by air Even under most severe conditions this group of 
diseases ivill only mcrease the susceptibihty to aero-otitis 
media by obstruction of the eustachian tube or to aero- 
smusitis by obstruction of the smusal openmgs so that equali- 
zation of pressure does not take place inth the changes of 
altitude Patients with pneumoma have an already present 
anoxia If it is necessary to transport these patients by air 
they should be given ox^^gen when flymg even though no 
evidence of respmatorj’- embarrassment is present 
The question of flymg for the patient mth active pulmonary 
tuberculosis has not been entirely settled The patient with 
far-advanced pulmonary tuberculosis or inlh any significant 
impairment of respiratory eflSciency had best not fly The 
most important factor to consider is whether or not he has 
a pneumothorax The expansion of air contained m the 
pleural cavity as a result of the decreased atmospiieric pres- 
sure encountered at altitude may cause grave or even fatal 
comphcations The death of a patient with pneumothorax 
occumng as a result of transportation by an- at an altitude of 
16,000 feet, has been reported by Dowd. The advisaliihty of 
transportmg patients with other pulmonary diseases by air is 
dependent on the degree of respiratory embarrassment that 
is present 

The mdividual with mild asthma can usually fly ivithout 
difficulty However, if he is susceptible to frequent and severe 
attacks, he may encounter difficulty when taken to altitudes 
where anoxia occurs 

The cardiac status of the patient to be floivn perhaps has 
been given unwarranted attention It would seem that an 
individual mth a mild, uncomplicated hypertension or a well- 
compensated valvular heart disease could fly mth safety It is 
beheved that patients mth severe hypertension and a history 
t^f comphcations of hjqiertension or mth frankly decomjien- 
‘fiated valvular heart disease had best not fly If it is neccssarj 
for these patients to fly oxygen should be administered to 
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them from fte ground up Numerous aufliors’ ‘ * have 
a»n to cornan heart disease m relation to a« 
Coronal) heart disease in the passenger must be handled as 
an mdnidual problem Certam generalization may he put 
forth os an aid m decidmg the problem. It is best not to Uy 
for some tune after a mvocardial infarction The patient in h 
coronar) sclerosis and cardiac decompensation had best not 
11) This IS also true for the patient mth easily mduced anginal 
nttncls The factor of nenous apprehension to flying must 
also be token mto consideration in reachmg a decision as to 
the adnsahihty of travel b) air for a patient mth coronary 
stlcTOsis Another factor that must be taken into consideration 
is vhclhcr or not other forms of transportation may put an 
cien greater slram on the heart When the patient mth 
roronan disease does fly it is best to administer oxygen at 
altitudes oi cr 7,000 feet and to prescnbo a mild sedative to 
ollni non ous tension. ' 

Diseases of the gaslro-mtestmal tract very seldom Tnll 
conlrorndtcalc transportation by air An mdividual mth 
acute gnslro-enlcntis mav suffer an exacerbation due to 
hi pcnmlahihlN of the gasVro-mtestmal tract induced by 
motion of the plane and expansion of gastro-mtestmal gases 
winch occur at altitude The patient mth threatened perfo- 
ration of a peptic ulcer or recent gastro-mtestmal hemorrhage, 
who must lie transported h) air, should be placed in a pres- 
surized cabin* or the flight should bo made at low altitude 
The reason for this is tliat the expansion of the gastro- 
mtestmal gases occurring at altitude ma) actually perforate 
the ulcer or increase the gastro-mtestmal bleedmg 
Colhns has reported a case of congcmtal megacolon with 
aMommol distention which liecome cxcessise with increased 
altitude Tim d^ not mean that a patient mth congeniuil 
mcgnrolon should not 11). but if extreme abdominal diston- 

down to Imver 

jl.ludcs Patients reemenng from abdommal operations or 
sulTirmg from penetrating wounds of the gasl^mteslmal 
tract mn) suffer ill effects at high altitudes from the exmm 
won of gas normalK contamwl m the gaslro-mtesimal 
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gas may be forced out through unhealed openmgs m the 
mtestme, thus carrymg fecal matenal mto the peritoneal 
cavity For this reason Armstrong advised against transport- 
ing at high altitudes patients who have acute appendicitis, 
mtestmal obstruction or strangulated herma In patients 
suffering from diaphragmatic herma the viscera contamed 
withm the henna may become strangulated as a result not 
only of expansion of gases ivithm the bowel and thorax, but 
also of mcreased mtra-abdominal pressure ivhich occurs from 
the expansion of gas withm the entire gastro-mtestinal tract 
Diseases of the genito-urmary system are rarely contra- 
mdications to travel by plane This is also true of diabetes 
melhtus, hyperth^noidism and hypothyroidism Diseases of 
the skeletal system do not contramdicate flying unless a de- 
formity IS preset Avhich makes it diflicult for the patient to 
sit upnght as ivould ^be the case with a patient sulfermg from 
a severe osteo-arthntis of the hip or ankylosis of the hip or 
knee jomt 

Patients suffermg from recent mtracramal mjunes or neuro- 
surgical procedures mvdhang the cramum should not fly un- 
less the plane can be flovra at loiv altitude This is also true 
of the patient Avho has had recent encephalography or ven- 
triculography The reasons for this are tAVofold if there is 
any mtracramal entrapment of air the expansion of the air 
AAUth ascent to high altitudes may cause trouble, and, if there 
is mcreased mtracramal pressure Avith secondary anoxia of 
the brain tissue, the condition may be made worse by the 
anoxic anoxia of altitude 

The psychotic patient may be difficult to control on a 
plane and may be dangerous to ship and creiv It has been 
observed that the mdividual Avith grand mal epilepsy aviII 
haA'e conAUilsive seizures on a plane more frequently than 
under ordmar}’’ mrcumstances This is more than hkely due 
to nervous stimulation rather than to anoxia It is not best 
therefore for an epileptic patient to travel by plane unless he 
IS Avell controlled The psychoneurotic patient may fly Avilh- 
t detriment to himself except for the mcreased susceptibihty 
motion sickness 

The patient Avith anemia has an already present anemic 
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anoxia The anemic anoxia present m a moderately se^e 
anemia la not sufiBciently great U> contramdicate flying The 
patient who has extremely aeiere anemia or who is in shock 
should not fly unless oxygen is administered 
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CIUNGING CONCEPTS IN TUBERCULIN TESTING 

George G 

DoI^^o tlie past few decades the death rale from tul^reu- 
losTs has dropS tremendously The deolme m morhatoy 
and the great decrease m the number of cases of open tuber- 
culosrs arc phenomena which am weU kno^ It is such 
common knonledge that these changes have altered to a 
certain extent the role of tlie tubercuhn test as a diagnosUc 
aid It 15 the purpose of this presentation to review some of 
the basic facts regardmg tuberculin tests and their mterp^ 
talion, and to emphasise the increasing importance of the 
test m adults 

TVPES OF TOBERCULW 

Koch made the discoveiy that the fluid medium used for 
pomng Mjcobactcnum tuberculosis was toxic when ad- 
nunislcrcd to a tuberculous person. He determined that the 
nctii c substance m this fluid was protein m nature. The term 
“tiibcrculm” is usedto designate any material which contains 
this tubcrcnloprotem or its di^daUon products and which 
IS capable of producing the reactions of hypersensitivity in a 
person who has liccomc sensitised as a result of past or present 
tuberculous infection. Mmiy different preparations have been 
so designated and two of these lia\o attamed the greatest 
aimptancc. 

The fust of these is old tulicrculm, commonly termed 
‘ OT " Tins is smipli the fluid medium in which tuberde 
Imctlh liaic ficcn grown It is stenhsed by heat, filtered and 
then cQuccntratcd to a tenth of its onguval xoluine, 

Scilicrl later found Uiat tuberculin contained a protdn of 
lou molecular weiglu nluch produced a bigliK tuEc rearfir 
when ndmimslcred to lulierculous persons Th«- .rnt-r 
this protein created upon hxpcrsensitiie tnsu*' 
tensticoflhoscpwHluccdbxordinarxtuW ' 

is the second mam t\pc of tulierculin end 

protein denialiic” and coinmonlv r ’ a - 

It IS a lughlN potent punGed tuhyier 1 ^ 

ruUntes „r ,„i„rde loirilU on "T' 
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precipitation -vAatli trichloracetic acid Since the autigeiiicitY 
of this matenal has been reduced by heatmg, it may he safely 
used for repeated testing in the same case The purified protein 
denimtive Avhich is now available commercially is approxi- 
mately 200 times as effective, by iveight, as old tuberculin 
It IS much less loanable m potency, does not tend to produce 
false positive reactions upon repeated testmg, and is un- 
doubtedly the tuberculm of choice 

METHODS OF TUBERCULIN TESTING 

Pirquet in 1907 described the cutaneous scratch tuberculin 
test and apphed the name “allergy” to the properties ivluch 
were responsible for the mamfestations of the tuberculm re- 
action In 1908, Mantoux recommended the use of the mtra- 
cutaneous test, Avhich is at present the most Avidely used 
techmc The VoUmer patch test has attamed some favor in 
recent years, particularly in pediatnc practice AAhere it has 
Ihe advantage of aAmiding use of a needle One disadA'^antage 
of this test IS the possibility of faulty contact of the tuberculin 
impregnated paper Avith the skin 

The mitial dose of old tubercubn for the Mantoux mtra- 
cutaneous test is usually 0 1 cc of a 1 10,000 dilution Tins 
amount contams 0 01 mg of old tubercubn If negatn^e re- 
actions ensue, the dose is mcreased tenfold on tAvo occasions 
until 1 0 rag IS given If no reaction is produced AVith this 
dose, a dose of 5 mg and 10 mg may be admimstered Under 
ideal conditions, the reaction should not be classified as 
genuinely negative unless the intrademial injection of 10 rag 
of old tuberculin fails to produce a characteristic area of 
hyperemia around the site of injection Practically, it is sel- 
dom that such a senes of tests is feasible In large scale test- 
rag, an initial dose of 0 01 mg is used, if the reaction to tins 
dose IS negative, another test is performed by injecting 1 0 mg 
of old tuberculm This method A\all prove satisfactory m most 
cases, but the injection of 10 rag of old tuliercuhn aaHI pro- 
duce a positiA^e reaction m a small number of cases in AAbich 
the injection of 1 0 mg avjU fad to do so 

The imtial dose (first-strength dose) of commercial punfied 
1 protein dern atiA e is 0 00002 rag If the injection of this dose 
^ fads to produce a posit ia'c reaction, one should inject a dose of 



c^A^oI^o 


CONCEPTS IN TDBERCUUN TESTING 1097 




as 


fteiuTd™ F* I””"'"- 

.2 rr t Z»a^»5U. d-P- ■» •» «f"rt “ “ 

much oiformalion as possible -wilh a minimal mount of time 
mid tcslmg It has been prop^ tot a sin^e. ^mpmimse 
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pTmer Tf to Um;;d Stales Public Health Service used 
punhed prolcm denvative in a senes of cpianlitaUve tests 
and found that the most effiaent dose for a single tto was 
0 0001 mg , -whicli 18 5 tunes as large as the standard urst- 
strength dose The use of this single lest -will disclose tubercu- 
losis m 95 per cent of cases m \thich significant disease is 
present This single-dose tuberculin test has been employed 
for the past two years at the aroic on patients vrho vrere 
16 years of age or older, and it has gi\ en satisfactory results 
Occasional, rather severe local reactions are encountered but 
the method appears to be quite safe if it is apphed to popu- 
lation groups in "alueli the mcidens* of tuberculosis is fairly 
low Tins initial dose would not be advised m Burvoys of 
groups m lower economic lecels, m 'Khicb a large percentage 
of persons ha\o been exposed to tuberculosis It should be 
used with caution or not at all m cases m which the presence 
of ocular tuberculosis or lulierculosis of the bones, skin or 
Ix-mph nodes is suspected Weaker doses of tuberculin should 
he used in the iniliQl testing m such cases. 

because of the lower degree of tubcrcuhn sensilmtj usually 
encountered among children, particularly those from popula- 
tion groups m the belter economic levels, it is considered safe 
to use a stronger dose of tuliercuhn in tlie initial lest on young 
persons For some years, on initial dose of 0 0002 me of 
ponfied protein deniatne has liecn used at the Qinic for 
ihddren 15 ywrs of age or younger This dose contains 10 

dcnvaliie as the standard 
first strength dose Even with tlie use of this stronger dose 

m these youn Jr 


imticnts 
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in classifyiiig' the slcm reactions Some investigators Jiave con- 
sidered as positive only those reactions m which there is an 
area of edema 10 mm or more in ividth Others liave desig- 
nated as positive any reaction cliaractenzed hy palpable in- 
duration and erythema One author has descnbed six dilTorent 
degrees of sensitivity but has not adequately delineated the 
lower himt of a positive reaction Some physicians accept as 
an indication of a positive reaction the smallest papule that 
can he clearly distinguished from needle trauma or other re- 
actions caused hy nonspecific factors 

It IS urged lliat a umform mterpretation of tuberculin 
reactions be used Such a scheme has been suggested by the 
National Tuberculosis Association The cntena of posilive re- 
actions according to this classification are as follows 

Doubtful ( ± ) — Slight erythema and a trace of edema 
which measures less than 5 mm in diameter 

One plus ( d-) — Erythema and edema which measures 5 to 
10 mm m diameter 

Two plus ( + +) — Erythema and edema which measures 
10 to 20 mm m diameter 

Three plus (+ -f -f ) — Marked erj^thema and edema which 
IS more than 20 mm m diameter 

Four plus (+ + + +) — Erythema, edema and central 
necrosis. 

Edema is more unportanl than er)i,hema, and if edema is 
not present the reaction is considered negative It is usually 
recommended that the reaction he inspected forty-eight liours 
after the test dose is injected This appears to he the optimal 
time for ohser\ung the reaction, but in an occasional case the 
reaction is entirely negative at forty-eiglit hours but becomes 
strongly positive a day or so later 

DEtTELOPMENT jtND VARIATIONS OF THE TUBERCULIN REACTION 

It usually requires from three iveeks to three months after 
tuberculous infection for tlie tissues of an infected person to 
become sufiicientlv sensitized to respond wth a measurable 
reaction to injection of tuberculin The time of appearance of 
this allergic phase depends on several factors, among vhich 
are the mdi\'idual response to infection, the size of the m- 
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the extent of the reaction sloivly decides, f Y 

rapid fluctuations m intensity may be 
tdieration of excess antigen usuaUy decreas^ the sexenty of 
the reaction This ma> occur ivben many tubercle l^acilb and 
much caseous niatenal suddenly gam access to the blood 
stream from rupture of a caseous focus mto a vessel It also 
occurs when large amounts of tuberculoprotem enter the lung 
irhen a caseous focus erodes into a bronchus, or xvhen a sub- 
pleural focus discharges mto the pleural cavity In cases of 
far ad\ aiiced and rapidly progressix e tuberculosis, the pres- 
ence of a great excess of antigen often decreases the seventy 
of the reaction and may even ehimnate it entirely by pro- 
ducing an anergic phase m the patient. 

Temporary depression of Hie cutaneous sensitivity of a 
tuberculous patient may be encountered m pregnancy or 
dunng the course of associated diseases such ns mfluenia, 
midulaul fe\ cr and measles This diminution m the tuberculm 
rcDclion 18 nonspecific m nature and is accompanied by a 
general decrease m skm reactions to ninny other agents It is 
apparently causeil by alteration in the response of the cuta- 
neous capillancs Other conditions associated aulh the poasi- 
bllll^ of false negative tuhercuhn reactions are cachectic 
states and hy polhyToidism 

Another important factor to be considered m tuberculin 
testing IS the longlli of tune dunng which a person vnll con- 
tinue to display a positixc veacUon m the absence of further 
Mligcnic stunulation from lubcrculoprotcm. The interval 
belucen death of tubercle bacilh and complete cessation of 
stm sensitization v ones from two to many y ears This penod 
dcpimds on manv considcralions such as initial viniW of 
the Imcilh sire of the lesion, host resistance and subsequent 
exposure to other patients who hav o open tuhcrculo^ 

CUNICVE IViruCVTIONS OF TUnEtlCUUN TECTING 
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nation At present, tbs program is commg to the fore in tbs 
country because of the great increase m the use of tbs iminu- 
nizmg procedure now bemg planned by various agencies con- 
cerned with the control of tuberculosis Selection of patients 
for vaccmation is made by means of the tuhercuhn test, as 
only those who display a negative skin reaction should be 
considered as candidates for moculation ivith BCG (Cahnette- 
Gu^rm bacdh) Tuhercuhn testing is an important feature of 
the study of those persons who have been vaccmated ivith 
BCG, because the reversal of the skin reaction from negative 
to positive after moculation is the only immediate and tan- 
gible evidence that any change m tlie immune mechamsm of 
the patieht has occurred Much can probably be learned con- 
cemmg the mechamsm of the development and persistence 
of skm sensitization after tuberculous infection by a study of 
vaccmated persons because moculation vith BCG produces a 
mimmal and most bemgn tuberculous disease The Calmette- 
Gu^rm bacdh soon disappear from the lesion and undoubtedly 
die m a short time Thus the skm reactions wbch follow BCG 
vaccmation should be similar to those seen after a natural 
infection wbch is caused by a small imtial dose of avirulent 
tubercle bacdh and is accompamed by rapid heahng 
In cases of healed tuberculosis there is a debmte tendency 
for cutaneous sensitivity to disappear Thus a negative tuber- 
cuhn reaction does not mean that the person Avho fads to 
react has never had tuberculosis The frequency ivith ivbch 
tuberculous patients undergo reversal of the tuhercuhn re- 
action vanes considerably but it is probable that tbs change 
will become more common as the years pass There is a 
defimte relationsbp betiveen the frequency of reversal of 
tuhercuhn reactions and tiie degree of sensitivity exhibited 
by the patient on bs original test 

Two thousand four hundred and mnety persons ivho pre- 
viously had reacted positively to the intradermal injection of 
old tuberculm or punfied protein derivative v^ere observed for 
from five to fifteen years by Dahlstrom Of these 2,490 persons, 
276 (11 1 per cent) subsequently failed to react positively to 
\ the intradermal mjection of old tuhercuhn or purified protein 
? denvative Tbs reversal of the reaction occurred much more 



C^A^GI^Q CO>CEPTS IN TUBEBCUUN TESTING 


1101 


m coses in -which the sensitivity to the initial 
iJ^Vion^vras low K subsequent reversal of tie reaction vras 
oteencd in onlj 4 of the 1,090 cases in whicli intiademial 
mjcctiou of 0 00002 mg of 

0 01 lUB of oW tubeicuhn produced a reaction that ivas 
classdied as 3 plus. On the other hand, a revemal m 

131 (70 8 per cent) of the cases in -which the mtrad^al 
injecUon of 0 005 mg of punlied protan denvatii e or 0 1 or 
1 0 mg of the old tubercuhn produced a reaction that -was 
ckssiDed as 1 plus In most of the cases m which there was a 
rci crsal of the reaction from positii e to negative, the patients 
were cluldren, a sunilar reversal of the reacUon -was observed 
rarely among adults 

Roentgenologic exonunation of the thorax frequently dis- 
closes endcnce of old lulierculosis m cases m -which the re- 
action to tubercuhn is negalne Tins finding has been cited 
to shoM hoa frequently a loss of sensitivity to the mjection 
of old tubercuhn or purified protem den\ati\e may occur 
Surveys show that roentgenologic examination of the tliorax 
max disclose some ciidence of tuberculosis m as many as 
25 \Kt cent of cases m wluch the mtradcrmal injection of as 
much as 1 0 mg of old tubercuhn foils to produce a positix e 
reaction These figures must now be interpreted m the light 
of newer knowledge In most of these cases, the only evidence 
of tulicrculosis was the presence of calcified areas m roentgeno- 
gmins of the thorax Smcc the adx cut of surveys m which the 
liistoplasram test is used, it has been found tliat this test fre- 
quently IS posiliic m cases of calcified lesions of the thorax 
in which llio tulicrculin rcacUon is negatne It may well be 
that tlic calcified Icsion-s m such cases are not tlie result of 
lirevious lulicrculous infeciion 

The occurrcuce of these clumgcs in tuberculin sensitivity is 
nu imtwrlout point in tlic climcal mterprctation of ncgatisc 
rcaeiions to lulicr^ulm Knough climcal ondence has now 
lH>w, ai-eumulated to warrint the assumption that although 
a tnlKuwloiw patient -who has conquered lus mfeclion max 
i-ompVtdx osc lus cutaneous scnsilirntion, he still xiill retain 
l isacqmrcd resistance to further mieclion Tmmumlx a^il 
tohcrrulos,, m sudi a case is entirely different from llio mmu- 


1102 


GEORGE G STILWELL 


luty of a person yviio lias never been infected and who reacts 
negatively to the intradermal injection of old tubercuhn or 
punfied protein derivative Further endence to uphold this 
behef is seen in the fact that expemnentally infected animals 
that have lost their cutaneous sensitization stdl demonstrate 
a high degree of resistance to further infection that was given 
them by the ongnal disease In some institutions, only those 
student nurses who react positively to the mjection of tuber- 
cuhn are chosen for traimng in a tuberculous umt, on tlie 
assumption that a past infection which has completely healed 
and has resulted m a cutaneous hypersensitmty vail provide 
the student with considerable immumty agamst the disease 
Emphasis should be placed on the point that a negative re- 
action to tubercuhn does not always mean tliat tlie patient 
has not had tuberculosis and that the person has no immumty 
against the disease 

In the early part of this century when most adults were 
at one time or another infected with tuberculosis, and when 
most people came into contact ivith many patients who had 
open tuberculosis, the incidence of positive reactions to tuber- 
cuhn among adults was very high This led to tlie conclusion 
that it was worthless to use the tubercuhn test as a diagnostic 
aid m cases m which adults had disease of the thorax, and the 
tubercuhn test was thought to he of value only as an aid in 
determinmg the occurrence of infection m children With tlie 
great decrease in number of cases of open tuberculosis there 
has been a concomitant decrease m the occurrence of positive 
reactions m the adult population, therefore, statistical Con- 
clusions draivn from tuberculin surveys made 20 or 30 years 
ago are no longer vahd 

It seems, therefore, urgently indicated at this time to 
imdertake new country-wide surveys of varied adult groups 
to determme the modem mcidence of sensitivity to tuberculm 
Rich expressed the opimon that more needed infomiation can 
be gamed at present from adult surveys than from sun eys 
earned out on children, because children acquire their tuber- 
culosis for the most part from adults 

It is e\udent, therefore, that m the case of adults, the 
tuberculm test is becommg an important aid in general 
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diagnosis, particularly ■when one is dealing with puzzlmg 
diseases ot the thorax The importance of this test ■will in- 
crease m future years as the incidence of tuherculosis con- 
tinues to decrease No longer vahd is the assumption by the 
dmioan that the results of tubcrculm testing of adults are 
meaningless because ot the preponderance of positii e reactions 
among adults m preyious decades The tuberculin test should 
be applied as one ot the first diagnostic procedures in ant 
case in which the chmeal features might possibly be due to 
lulwreulosis 

REFERENCES 

1 HaHsIrom, K. The irutabiUty of Iho tuberculin reaction ohsenatkms 
on disjienvirj polknlB wllh apcctnl reterenoo to the eiislcDce of demou- 
•trable luberculmu Icsloiu and the degree of exposure to tubercle bocilb 
AuuHei Tubetc 42 471-187 (Oct.) 19 10 
- FutkAow M L. Ilewell Barbara Nelson W E and Palmer E E 
QusnUtalRTi sludies ot tbe tuberculin reaction I Titration of lubercnlni 
SMinlirity and iu rclaUon to luberoulous inteetion. Pub Health Ren w 
(I'Ll) 1082-1100 (Mai 23) 1941 ^ 

3 Hicb A n Tiie patboecneats of luberculoslv Spragfield BBoou Charier 
GTbomaft,m4 p 212, 




recent trends in the treatment of infectious 

DISEASES 
Donald B Nichols 

The many advances made m the field of anUbiotio Md 
chemical therapy m the past few years have increased rather 
than decreased the importance of the accurate diagnosis of 
infectious diseases An accurate chmcal and bactenologic 
diagnosis is essential if the most effective method of treat- 
ment IS to lie employed Each of the antibacterial agents is 
elTectiie against certain specific diseases, but entirely meffec- 
tne against others When an antibiotic drug is used in dis- 
eases in irhioh it 18 not indicated, there is a defimle nak that 
the patient mav be needlessly sensitized to the drug and also 
that resistant hactena may be permitted to develop Combi- 
nations of chemollicrapeutic agents are deCmlely indicated ui 
certain infections However, m the treatment of most dis- 
eases combinations of antihactenal agents ore to be avoided 
Phjsicinns therefore, ore becoming increasmgly aware of the 
importance of cstalihshing an accurate diagnosis rather than 
of using the ‘‘tnal-and-error” method of treatment 
Dunng the past two y cars a few new antibiotic agents have 
Iwcii desenbed, hut none has come into general use Most of 
these new agents either have been too toac for systemic 
admuuslralion or have not been found sufficiently active to 
jaslifi further mv cslvgatiom Some encouraging experimental 
results hav c liceii obtained with chloromy cctm polymyxin and 
aerosponn. Bacitracin is being given a rather extensive 
chmcal tnal Its acfinl> appears to be chiellx against cerlam 
^tnposiiiic organisms Salisfaclon, chmcal results have 
lieeii teiiortcd from the local use of the material m cellulitis 
reuswl In licmol^tic streptococci and in some slaphylococcic 
m wtions* Tlie nephrotoxic reactions which bacitracin pro- 
nuces nave limitwl its systemic use (hug far 

NTw rREr\n,vno\s and vimiops of aomimsthation 

mvesligative work has been 
'Mcil lowanl improvmg (he mell.ods of using (he diemo- 

llHo 
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therapeutic agents ^yhlch are available at present An attempt 
to review all of this investigative work is beyond the scope 
of this paper However, a few of the recent observations are 
of considerable interest to the chnician 
Procaine Pemcillm G.— Procame penicillin G is a satis- 
factory preparation for the prolongation of an effective con- 
centration of pemciUin in the blood ® Numerous preparations 
and methods of adnumstration have been employed m the 
past in an effort to prolong the action of pemcilhn Procaine 
pemciUin G appears to achieve the desired effect much more 
satisfactorily than previously described preparations or 
methods Procame pemcilhn G is a cry^stalhne, nonpyrogenic 
substance which is prepared by comhimng 1 molecide of pro- 
caine base with 1 molecule of pemcilhn This salt is relatively 
m&oluble in ivater Therefore, procame pemciUin G is usuaUy 
suspended m various types of od At present sesame oil ap- 
pears to be the most satisfactory oil for this purpose Each 
cubic centimeter of the suspension contains 300,000 umts of 
pemcdlin and 125 mg of procaine The matenal can be in- 
jected through a no 19 or 20 needle It is important to shake 
the solution ngorously, and often it is adnsable to warm the 
ampule shghtly in the hand before mjection An effective 
therapeutic concentration of pemcillm m the blood is usuaUy 
obtamed for at least twenty-four hours when 1 cc of procaine 
pemcilhn G is injected mtramuscularly To date, the material 
appears to be entirely safe and has not given evidence of 
serious toxic effects The incidence of reactions appears to be 
mimmal However, the fact that small deposits of oil often 
persist for months after the mtramuscular injection of sub- 
stances suspended in od must not be overlooked Therefore, 
the frequent repeated use of suspensions in od in the same 
region does not seem adnsable Chmcal residts of use of pro- 
came pemcdlin G m the treatment of infections appear to be 
the same as those wluch would be expected vhen any other 
form of adequate pemcilhn therapy is employed 

Caronarmde (4'-Carbox>T>henylmetIianesulfoTianjl- 
ide^). — In most types of infections caused by orgamsms which 
are sensitive to pemcdlin high concentrations of pemcilhn 
jI m the body flmds are not necessar}' However, in certain 
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infections, for example, subacute bactenal endocarditis and 
acUnomjcosig, high concentrations of penicilhn m the body 
fluids appear to be necessary in order to obtam satisfactory 
results. The contmuous intravenous dnp method of admims- 
tration still appears to be the most eflfectiv e and safest method 
of achiei-mg these very high concentrations At tunes, even 
this method of admimstration fails to provide a sufficiently 
high concentration, and methods of interfenng ivith the ex- 
cretion of pemcilhn through the urinary tract must be con- 
sidered Use of para-ammohippunc acid and lodopyracet 
mjection (diodrast) has not proved practical from the clmi- 
cal rtand^mt The use of caronamide probably is the best 
meUiod of mipainng the renal excretion of pemcilhn which is 
a>mdable at present The results of givmg 2 gm of caronamide 
t^sappomtmg and no appreciable aug- 
f pemcilhn in the blood was obtamed 

MlZ ‘ncreases the concentrations of 

“'rr Compound. -Tb. 
quency of renal comnbnfr*^*’'^ tlie fre- 

rtnigs «uld by the sulfonamide 

soluble to the extent of ™ form- 

a wiumicd solution of sulfndm,^'!^*®^^^® solubihties Thus, 
Mlurnicd imh sulfatlmloh; iTuo " «>mpletely 
[auiid that the precipitation o? ir^'” nnmials it wm 
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the sulfonaDude compounds are used simultaneously ^ How- 
ever, a disqmetmg observation Las been made by Zeller and 
bis co-worlters They reported a significantly higher mcidence 
of allergic reactions, that is, fever, rash and conjunclmtis, 
m patients who have received combmations of sulfonamide 
compounds If this observation is home out by further experi- 
ence, the disadvantages of combmations of sulfonamide com- 
pounds may well outweigh the advantages 

ADVANCES m THE TREATMENT OF CERTAIN SPECIFIC DISEASES 

Defimte advances have been made in the management of 
certain specific infectious diseases Encouraging results have 
been obtained m several diseases for which there previously 
has been no effective form of treatment 

Brucellosis — One of the most recent advances in the 
management of infectious diseases has occurred in the treat- 
ment of brucellosis In February, 1947, Pulaski and Amspacher 
reported the successful cure of 2 patients who had acute bru- 
cellosis by treatment ■with a combination of streptomycin and 
sulfadiazine In October, 1947, Spink and his co-workers re- 
ported their extensive exTienence ivith different forms of 
treatment for brucellosis From their laboratory and chmcal 
observations, they concluded that the combined use of strepto- 
mycin and sulfadiazine m tlie treatment of patients mth acute 
and chrome brucellosis yielded more satisfactory results than 
had previously been obtained by other methods of treatment 

Since learmng of the faxmrable results obtamed by Pulaski 
^nd Amspacher, my associates and I haim treated 12 patients 
who had brucellosis vuth a combination of sulfadiazine and 
streptomycin The response of most of these patients to this 
form of treatment has been excellent In 1 case positive blood 
cultures recurred The others have remamed v ell The optimal 
dosage for this combmation of drugs has not been determined 
with certainty Hovever, the follo-mng schedule has given 
satisfactory' results m most cases A dose of 0 5 gm of slreplo- 
raycin is admimstered mtramuscularlv every' six hours for 
seven to ten dax's Sulfadiazine is adnumstered simultancoush 
by mouth in a dose of 4 gm imtialh' and then 1 gm ever> 
four hours thereafter for t'fl o or three eeks 
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rincnc -In 19 W Heilman demonslraled Hie effe^ven^ 
oUlre^lomN cm against PasteureUa pestis m intro Ka^- 
diandi and Rao recently reported the , 

slrenloimcm of patients auffenng from infections caus^ by 
S o^isni It IS sincerely to be hoped that further « 
studies wll tend to he as favorable Plague is a worid-wide 
disease of senous proportions and to date there haa been no 
salisfactoiy treatment. 

Rock) Mountain Spotted Fever — Prehnunary studies 
hy Flmn and his co-ivorkers hate tended to confirm previouB 
laborator, fmdu^ that para-aminohenzoic acid is an effective 
agent in the Irealmenl of Rocky Mountain spotted fever A 
dosage of para aminobenioic acid Eufficient to produce a level 
of 30 to 60 mg per 100 cc. of blood has been suggested The 
duration of the disease appears to he shortened by this method 
of tlicrap) However, further chiucal expenence will be neces- 
san before a final eioluation of this form of treatment of 
rertam nckcllsial diseases can be made. 

Acunomi costs —Because of the clu’oruc nature of aoU- 
noni) costs and because of the tendency of the infection to 
relapse long after apparent cure, the e\ aluation of treatment 
tor actmonii costs has licen difficult. In 1943 Florey and Florey 
reported the results of treatment with penicillin of 2 patients 
wIk) had netmonncosis In these patients penicillin appeared 
tohai c no effect on the infection Howoi er, reports puhhshed 
since then on the use of pemcUhn m the treatment of acti- 
iwinicosis hai c lieen more encouraging The results obtamed 
'll paticMs whom wc liaic treated appear to indicate that 
^leillm when given m large doses, is an effecUie agent m 
ictrcatinuit of ncUnomvcosis, its effectiiencss lanes somC- 
viiat with the loiaition of the lesion * 
lort) SIX paVionls who had aamomy cosis liai o been treated 
I h pcnicitlm under our supemsion and have been followed 

incirt nrtmo,u,em,s, 2t had excellent resulu These results 

tun in'" treatment of less 

'reglh of t!mo s'gmficantl) less than the usuti 

IKnuilli,, ' 'o obtain comparahlo results when 

ans not used Of 9 i.n,ents who hod putaiona^ 
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actinomycosis, 5 recovered Of 8 patients Avho had abdomi- 
nal actinomycosis, 6 recovered All 3 patients who had pehac 
actinomycosis recovered All strams of Actinomyces bo-vns 
cultured from these patients were sensitnm to pemcilhn in 
Notro 

Cervicofacial actinomycosis has responded well to several 
methods of treatment Prolonged surgical drainage, roentgen 
therapy and admmistration of iodides and some of the sul- 
fonamide compounds have proved of value m the treatment 
of actinomycosis when it involves the neck or face However, 
pemcdlm appears to have shortened the duration of the in- 
fection and the penod of treatment 

Pulmonary actmomycosis has nearly always been a pro- 
gressive and fetal disease The usual methods of treatment 
have been meliective m most cases Therefore, recovery of 
5 of the 9 patients who had puhnonary actmomycosis is most 
encouragmg 

Abdommal actmomycosis has always been a senous disease 
Good results have been obtamed m occasional cases by several 
methods of treatment However, the percentage of patients 
who recovered has never been high, and the prognosis has 
been poor Seventy-five per cent of our patients witli ah- 
dommal actmomycosis who received pemcilhn recovered It 
appears, therefore, tliat pemciUm is an effective agent m the 
treatment of abdommal actmomycosis 

The prognosis when actmomycosis mvolves the pehic or- 
gans has been extremely poor, and few recoveries have ever 
been reported Therefore, the recovery after treatment with 
pemcdlm of 3 women who had actmomycosis mvohung the 
pelvic \nscera seems particularly significant 

In the treatment of all types of actmomycosis a dosage of 
at least 500,000 umts of pemcilhn dailv, adnumstered intra- 
muscularly or intravenously, for sl\ weeks appears to achieve 
the best results Adequate drainage is indicated if abscesses 
are present, and excision of diseased tissue mav be adAusable 
m some mstances It seems possible that even better results 
can be achieved m the future if admimstration of adequate 
amounts of pemcdhn is combined vath the use of suJfonanude 
compounds, streptomx cm or roentgen therapy 
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The lnan^ adNanccs made m tbe field of anlibioUc ^d 
chcDDcal tberapy m the^pasl fevf vcm have “creas^ra^er 
than decreased the importance of the accurate ^ 

mfecnous diseases ViTicn an antibiotic drug is usedin chs^es 
m ivlnch It IS not indicated, there is a defimte nsk that tte 
patient may he needlessly sensitized to the drug and also that 
resistant hactena may be penmtled to develop 
Procaine pemcillm G m oil is a satisfactory preparation for 
prolonging the elTeotiie concentration of pemcillm m the 
Hood Wlicn 1 cc. of procaine peiucilhn G is injected intra- 
muscularly, an elfcctii c therapeutic concentration of pemcilhn 
IS usually obtained in tlic blood for at least twenty-four hours 
The use of caronamidc probably is the best method of im- 
pamng the renal excretion of pemcillm Wlule caronamide is 
being gi\cn, signs of renal irnlation often appear The drug, 
thererorc should prohahlj he used only m certain selected 
cases, 

Comlimations of two or more sultonamides maintain the 
therapeutic cITccUvcness of the mdividual drugs and appear 
to dunnusli the inadencc of renal comphcationB However, 
if use of a corahmalion of sulfonamide compounds produces 
a higher incidence of allergic reactions, the advisability of 
mcli a combination is questionable, 

Dernute aiUunccs lia\e been made in the management 
of certain specific infectious diseases The combined use of 
stcepioniNcm and sulfadiazine in the treatment of patients 
wlio haie acute or chrome brucellosis appears to yield more 
satisfnctoiy results tlianhaie been obtained hj other methods 
m irealmcnl Cluucal reports on the effeclne use of slrepto- 
aiMin m the treatment of plague and of para-aniinobenzoic 
acid m the trcatniciu of RocU Mountain spotted fci cr tend 
oi^limilaboratorN ol«criations Pemcillm has been shown 

andnn!lM"?'® of actinomycosis 

and a useful adjunct to oUier forms of thcrapv of tins dLase 

llEFFUENCtS 
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PRESENT-DA^ CONCEPTS OF T^Y IN PERNICIOUS 
anemia 1 A REVIEW 

lOllN E STEViJ.S AND ByDON E HAIX 

WrnnN the last two decades, progress m tie toeatmrat of 
pernicious anemia has represented one of the formost ad- 
lances of medicine Minot and Murphy"’ m 1926 demon- 
Blrated the value of hver therapy in this disease, and in 
recent lears “folic aad”»’ as a therapeuDo agent has been 
indel) publicized An evaluaOon of therapy as it has pro- 
gressed during tlus penod is therefore, pertinent It is the 
purpose of this paper to review briefly the advances m treat- 
ment and to present Die physiologic basis for therapy 
It is not within the scope of this discussion to deal wnth the 
various general phi siologic changes that occur with pernicious 
anemia although all will agree that any attempt at discussion 
of therapy necessarily entails a basic understanding of the 
pathologiQ physiology 

msroiucAL data. 

Thomas Addison in 1849 and again in 1855 dosenbed “a 
icn remarkable form of general anemia, occumng without 
any discoi erablo cause whatever It makes its approach 
in so slow and insidious a maimer that the patient can hardly 
r« a date to his earliest feeling of that languor which is shortly 
to become so evtreme After a sickness of, perhaps 
wicral months duration the bulkiness of the general frame 
and tbo olicsily often present a most sinking contrast to the 
failure and cvhauslion obsen able in ei cry other respect ” 
hi 1872 Biermcr suggested that Addison’s name be giien 
15 anemia but it was be who described it as a “progressive 
Iiemicious anemia’’ li was pernicious m that in spite of all 
rmmcni ^ner or later the patients succumbed Li recoe- 

hicnno'’^ ' obsen ers the tenn, “Addison- 
"icnner anemia,’ is often heard 

"VUMnON.niSlC PATOOWGlCPinsiOLOCt AND THE ROLE OF 
UlER IN TTIEnAPV 

todarr'a pernicious anemia, as understood 

>5 a dencencs duioase^due lo the lack of a specific 
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substance necessary for the groAvth and development of 
erythrocytes This substance, the exact nature of which is 
unknown, is found especially m the liver and is known as 
the erythrocyte maturation factor (E M F ) or the antianemic 
principle (A A P ) It is as specific m the therapy of pernicious 
anemia as insulm is in diabetes melhtus 

The diagnostic tnad of progressive changes in the digestive, 
blood and nervous systems mdicates that long-contmued 
deficiency of this specific substance must be viewed as pro- 
vocative of a symptom complex The disease is not just an 
aneima, per se, of macrocytic hyperchronuc type, but is char- 
acterized also by pathologic changes m the tongue, gastric 
mucosa, bone marrow and nervous system 

The disease occurs only in adults and is charactenzed by 
remissions In addition, signs and symptoms which one may 
expect with any severe aneima, such as weakness, dyspnea, 
dizziness, sore, smooth tongue, achlorhydria and evidences 
of central nervous system involvement including sclerosis, 
peripheral neuntis and psychosis, also may be observed 

To understand therapy of this disease, it is important that 
the steps m the formation and utilization of the antianemic 
principle be reviewed It is now generally agreed that at least 
film steps are mvolved in the elaboration and use of the sub- 
stance or substances necessary for normal maturation of 
erythrocytes and for the prei’^ention of the symptom complex 
mentioned pre\uously^ These steps are as foUoivs 

1 Provision of an extrinsic factor m the food. 

2 Secretion mto the gastric jmce of mi intrinsic factor con- 
tamed m the gastric mucosa 

3 An interaction of the extrinsic mid intrinsic factors in 
the gastro-intestmal tract to form an antianemic substance 
which IS absorbed by the intestine 

4 The storage of the antianenuc substance by the liver, 
and perhaps its further modification m tliat organ 

5 The release of the antianemic principle to the hemo- 
poietic tissues and its utilization bx' the bone marrov in 
normal erythropoiesis 

Achlorhy^dria was recognized early as a diagnostic feature 
of permcious anemia It v as believed that achlorhy dna or its 
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effecl ou mteslmal flora might he an etiologic factor 
organism that inhahits the lumen of the gut 
at one time or another, of causing the disease Heraol^ic 
toxins absorbed from the gastro-mleatmal tract, gMtrminles- 
tmal toxemia resnlUng from Eachenchia cob, md infections 
willt Ctoslndium perfnngens (ivclchii) and Streptococcus 
longus were indicated as etiologic factors 

rrealmcnts during this period were as numerous and varied 
as the man> theories adi anced for the genesis of this disease 
Iron h) drochlonc acid, arsenic, gentian nolet and acnviolet,” 
remoi al of infection and drainage of the intestinal tract were 
tried Anv treatment at tunes seemed to produce a remission, 
and transfusions iicre often used Dependence coifld not be 
placed on any form of treatment, liowever, and anemia or 
inlercurrcnl disease ii as a common cause of deatli 
In 1926 Mmot and Murphy*" announced that they had 
produced rapid remission in the anemia and symptomatic 
unproi cmcnl in 45 patients wilh nddisonian penucious anemia 
h) feeding them a diet ncli in hver This discoiery marked 
the begimung of our present concept of therapy in this disease 
and has ivilhslood the test of time In recogmtion of this im- 
portant work, these livo investigators along with George H 
ISTiipplc were awarded the Nolic! Prize m medicine and 
physiologi in 1934 '» 

Castle’s obsenations" formed the next important step in 

Inc undctslanding of the paUiologic physiology of this disease 

1 C found that if ground liccf muscle wero fed to a normal 

^rron aiHl, after partial digestion, Uie contents of the 

oniacU were rccoi cred and fed to a person inth pernicious 

nncraia. marked snnplomntic and hematologic improvement 

OT seen It vras further shown that normal human gaslnc 

LTrWi incffcclivo m producing a 

Nor was a taiorable 

^ gaslnc 

“Id fed from pernicious anemia 

" nil to another such paUent 

'nii'hip iSmmIwT' 

"f 'In Iwae thefuncUon 

«ne ninrro>, permc.ous 
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aneima it was apparent that some constituent of normal gas- 
tric secretion was lacking and that because of this deficiency 
normal blood formation was interfered with While achlor- 
hydria was invariably found m these patients, neither hydro- 
chloric acid nor any of the other constituents of normal 
gastric jmce, such as pepsin, renmn or lipase, Avas found to 
be effective m causing a hematologic remission 

This unknoAvn substance that was lackmg m the gastnc 
juice of these patients, yet present m normal people, Castle 
called the intrinsic factor An extrinsic factor, or food factor, 
Avas found in beef muscle and was thought to be a protein 
Interaction betAveen the tAvo factors produced the antianemic 
substance Avhich Avas absorbed from the gastro-mtestmal tract 
and stored in the hver, kidney and other body tissues The 
erythrocyte maturation factor Avas then released to the bone 
marroAV and other hematopoietic tissues for erythropoiesis 
The lack of intrinsic factor, the less probable lack of e\- 
trmsic factor found m various foods or the poor absorption, 
from the mtestmal tract, of the antianermc substance formed 
by the interaction of the tAvo factors all are theoretical causes 
for the development of permcious anemia The role played 
by achlorhydria, AA'hile not fully explained, certainly carmol 
be thought of as an essential factor m the pathogenesis of tins 
disease Many persons haAung achlorhydria never experience 
permcious anemia, and those patients being treated success- 
fully for their anemia sIioav no return of the acid m their 
gastric juice 

The fact that liver, rich m stored antianemic principle, 
could produce remissions m these patients Avas added proof 
that Castle’s hypothesis Aims correct From that time fonrard, 
treatment of permcious anemia Avas no longer on empirical 
ground, but on a sound physiologic basis 

DESICCATED STOMACH AS A THERAPEUTIC AGENT 

When It became apparent that the basic deficiency m per- 
nicious anenua AAas lack of intrinsic factor AAhicli, m turn, 
gave rise to the inability to form the erytluocyfe maturing 
-factor, it Avas logical to turn attention to the intrinsic factor 
m the standpoint of therapy Sturgis and Isaacs AAcre tJic 
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first to ulflize desiccated whole hog stomach m therapy Tlioir 
preparation was prepared so that 30 gm of the dned bu 1>- 
sfancc aas equiialenl to 190 gm of the fresh stomach Fur- 
ther refineraenl after removal of fat made 30 gm of dned 
substance eqimalent to 218 gm of fresh tissue Three patients 
were treated with daily doses rangmg from 15 to 30 gm In 
all 3, prompt hematologio remissions comparable to those 
achieved b) the use of h\er occurred In fact, these original 
■westigatora suggested that gastric tissue was more active, 
^ than was hver lllule this obsen ation Las not been 
wWantiated, gastnc tissue is equaUy as effectiv e as, but not 
«upenof 10 , m er 


miliL « J! ,1 r f preparations is that tlie 

nl^c fact ^ stomach represent both mtnnsic and 
P«^ous a^r Since patients suffermg from 

Ihe raatZ? from tlie 

Pstnetisaieir^” maturation, the use of 

'^Isstmaartoil u ®‘®mach was found to give 
however t “se of the dned prepa- 

Pftpuratwni "«=^ary TOiether or 

''311 in the gaatnc mucosa or gas- 

P'lorus seemed to make htllc 
JV pirty induced and mamtamed satis- 

;f«3tlv equivalent in 

'h'-mpvn.a^ that m patients undergoing liver 

'’'"Unluted to th?!!!!'® "md general weU-bemg 

‘’triic activitv of p 1 1 u sugar and to increased 

or L,h r 

hvd remission began In relapse, the 

i snd reached ''^thin the upper limits of 

vT percentage of reticulated 
pp Ip, j irere found to return to more 

I r<!<tr,c( eonsisting of liver tliat has been 
^ '^^Itnatna *^^'**^ used Tlie effect exerted 

•n producing n remission seemed to lie 
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greater than the sum of the effects of the two component 
matenals 23 It has proved to be one of the most potent anti- 
anenuc preparations available for oral use 
Bethell and Goldliamer® were among the first to compare 
the efficacy of ventncuhn and extracts of hver administered 
intravenously, using maximal reticulocyte values as an index 
\\Tiile desiccated stomach gave a defimtely greater response 
than did extracts of hver when adnmustered orally, it was 
found that a preparation made from liver and given intra- 
venously led to a reticulocyte response which was considerably 
greater than that obtamed from any pTeparation given orally. 
The significant difference m degrees of response was concluded 
to be due to the rate at which the effective material reached 
the bone marrow and not due to the total amount adminis- 
tered to the patient 

LrVTER THERAPY 

General Considerations — Smce Mmot and Murphy’s 
memorable discovery that a diet rich m liver produces and 
mamtams remissions in patients mth permcious aneima, many 
important refinements m hver therapy have been made 
It was found that an extract made from ivhole hver and 
admimstered parenterally acted just as well as did fresh liver 
gixmn orally and, m addition, allowed the patient more dietary 
freedom Extracts for oral adramistration are still AVidely used 
by many physicians, altliough forms for parenteral use have 
been perfected to the pomt that injections every tivo to four 
weeks of a potent extract nill maintain the blood m a normal 
condition and will prevent the development of neurologic 
lesions 

Notlung IS more dramatic m medicine than the effect of 
hver treatment on patients xnth permcious anemia In 
brilliance of results it ranks xvith the use of insulin m diabetes 
and the sulfonamides and antibiotics in infections 

As a result of liver tlierapy the type of patient so aptlv 
described by Addison can be returned rapidly to the picture 
of health His glossitis and gastro-mtestmal symiptoms dis- 
ippear rapidly His neurologic signs and symptoms improve, 
’or at least do not progress, and at times disappear cnlirel> 
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U IS the latter point that makes this form of therapy more 
desirable than the current use of “fohe acid," as mil be 
pointed out later 

MTiilc no single substance m h\er or h\ er extracts respon- 
sible for the beneficial elTect has been isolated, extracts of 
In er are noiv fairly a eH standardized and their potency con- 
trolled Refinement has been perfected to the pomt that a 
maxunal response is obtained mth a minimum of inconven- 
ience and discomfort to the patient 
In srntc of the progress made m refining preparations of 
‘I'cr, ilic warning given by Mmot« remains appbcable “ The 
error m treatment is to prescribe too bttle hver extract 

mo t ^ mdmdual receive 

-l.nSh.t.t'i"'* 

»' P»-ao«. mm,, 

n®cc tbernpi should mainle- 

not condemned,** for the patient often 

Bi'tng larce ad^uately mth routine treatment 
"I'n lij careful obscnmi,?''^ treatment and 

Indies oftheblood to dele" disturbances and 

'J'Ni required o i oT"® maintenance 

"*PO>»c to therapi ^ ^ ^ disappomted by a poor 

'’''tapi 18 1^0 c!'r rowml mdmdnalized 

okcried oicr a ^’"^li a patient 

‘a ■'ddition lo cme to ifo imorL "rT ^^nd, 

n "'Crage of one half pound of”* ° extract per week, 
'njectionjiweregiven.ibr^ ™ «tw li\cr per day If only 

to become 
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familiar vritli one or two preparations and to use tliem exclu- 
sively than to change from one to another mdiscrnmnately 

The oral route of admimstration has several disadA^antages 
The quantity of potent material absorbed m the gastro-intes- 
tmal tract and the amount lost m the stools may vary from 
time to tune m the same patient or may vary from patient 
to patient, the physician may have difficulty m mamtaimng 
adequate control of the disease m patients who take extract 
irregularly and the cost of adequate oral therapy to the pa- 
tient may be considerably higher than the cost of parenteral 
admimstration 

Preparations for parenteral use may be obtained in crude 
or refined form Crude extracts once were believed to be more 
efficacious than punfied preparations, especially m patients 
xnth neurologic manifestations HoAvever, there is no eAudence 
to shoAV that this is true Crude preparations are more ex- 
pensive to the patient than the highly refined products, 
because greater amounts and more frequent injections are 
reqmred to control the disease Some preparations actually 
are dilutions of the refined products and contain greater 
amounts of inert sohds Because of this, they are irritating 
and often cause discomfort 

The refined preparations are more highly concentrated and 
offer a maximal response AAUth a minimum of expense and 
inconvemence to the patient Neurologic disturbances respond 
more rapidly to the use of these preparations, proAuded the 
amount is adequate and the duration of treatment is suffi- 
cient Perhaps it is tnte to say that once hver therapy is 
begun, It must be mamtamed mdefimtely In this respect, 
it IS akm to msuhn in the maintenance of the diabetic 

Prognosis uith LiA'er Therapy. — The results of liA’^er 
therapy m prolonging the life span of those mth addisoman 
anemia offer the best argument for the use of this form of 
treatment Studies of data®^ on mortality m a Canadian group 
shoAved that eiglit years after the discoA’^ery of tlie effects of 
IiAmr therapy, deaths attributed to this disease irere only 
46 per cent as numerous as usually obtained m the period 
.'prior to the use of hver 
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II has been estimated that in the Umted States alone tlierc 
were aivnuall) 10 000 deaths pnor to the introduction of hver 
ihcrap) At present there are 100,000 persons ■with this dis- 
ease who Tvould not be ahve today except for hi er or its 
extracls ” 


Allergic Reactions to Liier — One occasionally sees 
IMlicnls who are hypersensitive to extracts of hver, but few 
reports on this subject have been published Kaufman and 
associates gaie an excellent bibhography on the 50 cases of 
Bensiti\it> to injections of hier extract for the tweho year 
^nod ending m 1943 They reported 11 additional c4es, 
of 7^ Legere m a recent study found Hint 68 

of insitmil^t ^ a" are of the possibihty 

from itio should not let such awareness deter him 

to conibau occurrence and means are available 

f hypersensitivity deielops after a 

aflcranmjccUolrilT\i"^^'“'® Then, 

n occurs^ In addlllo^ "mbe ’ ’ocahsed itch- 

ni'b as flusliing nnlmlm ^ ®>™Pl^onis may be observed, 
T'cahncss rhmorrhea, urti- 

7hnia and shock 0 (^ 1 ^ *nihslonial oppression, 

*«'cnt 5 of the Tl m 

"Wed ^ aboie mentioned symptoms may be 

p |’’'r r"”" 

hwiunino or the presence of reaction 

, to romlmt^.!^ . ^ ««-«>hed IJ substance 
^onnsin.n.n^^ e^eccssful Tlie oral 

7“" onustanime an^l 12 «>“«> noutrali- 

7 PtidiialuTncroo^ <^e»en8itiiai,on of tlio patient bv the 

A :1S hr eSrS 

"■« fart that trear,^'’'' 

r treatment has not been altered » 
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The opinion has been expressed that the brand of liver em- 
ployed for parenteral admimstration has nothing to do Avith 
the incidence of sensitmty, but this is debatable 
Bauer and co-workers have shoRm that preparations ex- 
tracted from pork hver xvere defimtely more prone to give 
allergic reactions than those obtained from beef brer Fourteen 
cases are cited in which patients reactmg to pork extracts xvere 
mamtamed satisfactonly on extracts of beef hver 
Intracutaneous tests of diluted extract are performed by 
many physicians m the behef that this xxoQ deternune xvhether 
there is a latent sensitivity m the patient that xviU preclude 
the use of that particular preparation Actually, the skin re- 
action may often be positive m such tests, yet the patient may 
tolerate xvell therapeutic doses of the same extract 

Carryer and Koelsche have combmed desensitization to 
hx^er extract with the admimstration of antihistamine drugs 
Their method has afforded complete desensitization xvithin a 
period of hours 

For practical purposes, sensitivity to parenterally admims- 
tered hver should be kept m mmd, but the consciousness of 
such a possibihty should not prevent the physician from usmg 
preparations which for txventy years have been the foundation 
for successful therapy m permcious aneima 

Measurement of Potency of Lix er Preparations.^ — The 
actix’^e substance in hx^er that is responsible for the therapeutic 
response has not been identified chemically Cohn and co- 
workers found that the actix’^e substance was not precipitated 
xxnth hx^er proteins, that it xvas xvater soluble but that it could 
be precipitated by 95 per cent alcohol This is the so-called 
fraction G of Cohn and xvas ongmally used orall> , but soon 
came to be used parenterally From this, the more concen- 
trated preparations for parenteral use xvere made 

To date, no satisfactorv methods of assay for determinmg 
the potency of hx^er preparations hax^e been discoxmred Con- 
sequently, preparations efrectix’'e m permcious anemia must 
be standardized m patients m relapse To insure production 
and sale of potent preparations, the U S P Anti-anemia 
Preparations Adxusor^' Board has been established to pass on 
all commercial products claimed to be effectix e m the treat- 
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n,enl of pernicious aueima A “unit” has be^ 
express the amount of actne substance which, when given 
or parentcraUy each da> to patimts with 
anemia m relapse inU produce a satisfactory reticulocyte, 
eivtlirocvte and hemoglobm response „ , i, 

MTiilo tins measurement has been accepted generally, it has 
certain disadiantages First, the amount of potent material 
produemg a salisfactorj bematologio response m one patient 
may not gi\ e the same result m another Secondly, the hem- 
atologic response may not be accompanied by improvement 
111 neurologic or gaslro-inteslmal symptoms Also, the units 
of one preparation may vary considerably from those of 
another This is a reason why a physician should become 
familiar with ouc. Units for oral administration cannot be 
used interchangeably wilb units to be given parenterally 
Tliere are man> preparations for oral administration avail- 
able va the form of dry powder or in solution Also stomach 
(\cnlnculm) or stomach-lner (extrahn) preparations are on 
the marhet liver extracts for parenteral use, however, are to 
be preferred 

Uver extracts for parenteral administration \ ary in strength 
from 1 unit per 10 cc. to 15 units per 1 co the latter being the 
niost potent allov.ed bx the Advisoty Board All are given 
mtramuscularh 

Frogtani of Thcrapj with Liver Extracts — ^ViTiile rou- 
'me procedures should not be employed to the exclusion of 
1 la paticul’s individual needs, certain generalities relating to 
tnempv may be made 

h e prefer the more highlv roBned extracts of liver (15 urn Is 
h,’,..? Pwcntcral admimslration In pa- 

maniftTil.? '"odernlc degrees of anemia in whom 

aWnt ° the nervous system are 

'-for 15 u^! r g^'en There- 

b'rture b« * 'veeUy unlH the blood 

'-f die nLouTsvslem mvolvement 

^"rty five umvs is ndn'i 6''®" 

tiro days aSr "f “ 

fays later Thcrcafier, 15 units ,s given every 
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second or third day until blood values have been restored to 
normal While mamtenance therapy also must be individu- 
alized m each case, most patients who do not have mvolve- 
ment of the nervous system can be mamtamed satisfactorilv 
on 15 umts admimstered once every two to tliree weeks 
Elderly patients or patients havmg acute or chrome debili- 
tating diseases unrelated to the permcious anemia may re- 
quire somewhat larger or more frequent injections of liver 
extract Moreover, patients with permcious anemia, Avhelher 
in relapse or remission, who are to be subjected to major 
operative procedures should be given relatively large doses of 
hver extract parenterally prior to operation 
The necessity for large doses of hver extract is especially 
great cases m which neurologic manifestations are pre- 
sented In such cases, vigorous and persistent treatment ivith 
doses of injectable hver extract greatly m excess of the level 
necessary for the mduction of hematologic remission must be 
given It IS common knowledge that progression of neurologc 
symptoms and signs may occur despite the fact that treat- 
ment may have been sufficiently adequate to restore blood 
values to normal On the other hand, progression of neurologic 
manifestations not only may be arrested, hut also in some 
patients improvement may be observed if large doses of hver 
ex^iract are employed over a period of many months Since 
the administration of excessive quantities of hver extract lias 
no deleterious effects on the patient, it is far better to err on 
the side of administering too much than too httle As a general 
rule, we give 45 umts daily for three consecutive days This is 
followed by the administration of 15 umts every second day 
until normal blood values have been restored Then 30 units 
veekly is admimstered for six months or longer, followed by 
the admimstration of 15 to 30 umts weekly for an additional 
period of twelve to eighteen months At the end of this 
period, when there no longer can be hope for further improve- 
ment in neurologic mamfestations, maintenance doses only 
slightly m excess of those given patients who have not had 
involvement of the nervmus system may be employed 

The ex'tent of benefit wluch may he expected is inversely 
related to the duration of mvolvenient of the nervous system 
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noted at the time therapy was first mslitutM The greale^ 
degree of improvement in neurologic manifestations octuts 
dnnng the first few months of treatment, but contmued im- 
prmement raa> occur over an additional penod of eighteen 
lo Iwenlj four months Instruction m co-ordinatmg exercises 
for tlic lower extremities, designed to re-educate patients in 
the use of the involved hmbs, is an unportant adjunct to 
liver ihcrapv whidi should not be neglected Adherence to 
sudi a program, if followed by periodic cluneal and hemato- 
logic evaluations, not only will prevent further damage to the 
nervous system, but also will mamlam any degree of unprove- 
nienl that has been obUuned * 

The adiimuslration of dilute hydrochlonc acid as a routine 
procedure to patients hav mg permcious anemia is unneces- 
sary At tmies, if gaslro-intestinal symptoms persist even 
after adequate hv er therapy, a feu cubic centimeters of dilute 
livdrochlonc acid m water or fruit juice taken with meals 
gives prompt relief* 

Transfusions of whole blood rarely ore necessary except in 
cases in which the anemia is so severe that there is evidence 
of arculalory collapse. When transfusions are given to the 
scvetclv anomic patient Giey should be given very slowly to 
avoid congestive heart fadure ” 

DEVTXOPVIENT of PTEROYLGLUTAIVIIC (FOUC) acid and 
UEUXTED SUBSTANCES AS •niEnAPEUTlC VGENTS 

In Aov cnilwr, 19 15, the first report on the effect of pteroyl- 
p u anno (folic) acid on macrocy tic anemias m man was 
niiirl*!* j short period since then, voluminous liler- 
wtii'n iT* on the hematologic remissions observed 

ranmn '* admimslered to paliculs witli addi- 

*iTes of macrocytic 
onhemiiKfo , u became apparent that m spite 

'aiions hematologic response, neuiologic manifes- 

I'teravlglmnnnL **■””’’ nnd the supposition that 

I" several authors -Because of 

agvai r hematopoi- 

'ns ben repinred hv .snmings regarding its use ** 
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While the advisabihty of the clinical use of fohc acid is 
doubtful m view of present-day knowledge, the extensive 
work by various investigators that led to its discovery and 
synthesis is of academic interest There are several excellent 
reviews relating to the discovery and biologic effects of this 
substance, studies that led eventually to the use of fohc acid 
as a therapeutic agent in the macrocytic anemias The 
reader is referred to these publications for details as it is not 
within the confines of this paper to do more than mention 
briefly the important steps not related to therapy 
Wills Factor. — ^As a result of the early work of Mmot, 
Castle and their associates, it eventually became apparent 
that macrocytic anemias closely resemblmg pernicious anemia 
but occurrmg m pregnancy and nutritional deficiencies did 
not respond to the refined preparations of liver in the same 
manner as did classical addisoman pernicious anemia Wills 
and Evans postulated the presence of a new hemopoietic 
factor m crude hver and autolyzed yeast as being the reason 
that these preparations were successful m treatment of nu- 
tritional macrocytic anemia occurrmg m the tropics Purified 
and concentrated brer extracts had not been effective in 
inducing rennssions in this condition It was then found that 
large doses of yeast alone, whether autolyzed or nonautolyzed 
(brewers’ yeast) would, in some cases of permcious anemia, 
produce a hematologic response. Watson and Castle showed 
that hver therapy by the oral route was effective m some 
cases of nutritional macrocytic anemia of pregnane^" Avhen 
therapy by the parenteral route was unsuccessful Since the 
variation m therapeutic response to purified and crude hver 
was first noted by Wills, the effective principle in crude hver 
extracts and in autolyzed yeast has been designated the “Wills 
factor ”” '\^Tiatever this factor is, it clearly is not identical 
with the antianemic principle found in hver which is effective 
in permcious anemia It is not thought to he an extrinsic factor 
for Its antianemic effect is not related to the presence of free 
hydrochloric acid m gastric jmee It is regarded as probably a 
member of the vitamin B complex With the demonstration 
by many investigators of the response of pernicious anemia 
and other macrocji,ic anemias to pteroylglutamic (fohc) 
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and,"-” ” It seems probable that the activity of crude 
Inftr and yeast m the instailces cited is due to their content 
of pteroylglutamic acid m free or conjugated form However, 
Ihis IS jutt ono kak ul the cham of investigations relating to 
this phase ef the prohletai 

Vitamin M — In 1935 Day and associates’* pioduced a 
condition in monkeys characterized by severe anemiB) leuko- 
penia, uieeraiion of the glints and charrhea when the monkeys 
were fed a diet deficient in vnamm G (B,), The addition of 
hiCTcrs’ yeast to the diet prevented the development of this 
deficiency The effective substance iil brewers’ yeast was called 

Mtaimn M.”*' 


Ten years later Day showed that purified Ldctohadllus 

^ei factor (pleroylglutanuc acid) effeoUVely induced reims- 

dn!^‘n deficiency state had been pro- 

mYtatinni^'^'^'^'^’ added to the chain of 

'avwtignuons relatmg to fohe aad 

a dietary 
macrocytic anemias Re- 

‘ubstance called^ 

isolated thd oniinimm nssociates later 

Jeaionsiratcd St T wd evontually 

(fohc)acid“ idcnUcal With pteroylglutamic 

‘wStalt'wM 

“^“wn factor cssenliJlT'^^v.^*'^ “d m liVer an 

l«ctcna, Smee Sr ..S'’ 

thi, factor bci k^o Lactobacillus 

I controlled °'eamsm whose 

wi'rr ''’""1 "V » 

were able to oKi n ’ 'dso m spinach and in grasses 
-dUition to Bo^^i 

II was oiso^oS i!, i!r Lactobacfllus 

organisms can he i. ,^'“,^Lcn shown that both of 
"" of effe Lio-assnys for dotenn^.ng 

substance in soiious foods and in 
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body fluids Because of the high concentration of the sub- 
stance in spinach, the term **fohc acid** ivas suggested.^*'®^ 

Pteroylglutamic Acid.— Eventually it became e\ndeul 
that Lactobacillus casei factor, Vitamm M, vitanim B, and 
possibly Wills factor were related and might even be identical 
In 1943 Lactobacillus casei factor was obtained in crystalhne 
form from the hver®® and later synthesis of this substance was 
announced ^ "Pteroylglutamic acid** was suggested as a term 
for the synthetic agent, “ although “folic acid** is sliil com- 
monly used 

Pteroylglutamic acid is a bright yellow substance that is 
only very shghtly soluble m water, while its sodium salt is 
fairly soluble It is destroyed rapidly by heating with ddule 
mmeral acids, or by exposing a solution of it to sunlight 
Pharmacologically, it is nommtating when mjected mtra- 
cutaneously, it does not affect the level of sugar m the blood 
and it does not affect respiration Animal expenments showed 
a very low toxicity and almost complete absence of side re- 
actions,®* however, in view of recent reports®*’®* on the prob- 
abihty of its deleterious effect on the central nervous system 
m addisoman pernicious anemia, one cannot safely say that 
It IS without toxic effect m man 

Conjugates of Pteroylglutamic (Fohc) Acid. — Hutch- 
ings and his associates isolated a compound which was 
obtamed from a fermentation product of a culture of Cor^me- 
bacterium Smce it was found active for Lactobacillus casei 
growth, it was termed "fermentation Lactobacillus casei 
factor ’’ It was found to be pteroyltnglutaimc acid chemi- 
cally, a conjugate of the free acid It was also shown that a 
conjugate of vitanun B^ consisted of six molecules of glutamic 
acid in a peptide linkage ®® 

Other senes of compounds contaimng several molecules of 
glutamic acid were isolated from yeast Pteroylheptaglutamic 
acid, called the "fohc acid conjugate,’* is found most com- 
monly in foods 

Physiology of Pteroylglutamic (Folic) Acid as a 
Therapeutic Agent. — Bio-assay of foods and body fluids for 
pteroylglutamic acid or its related conjugates was made b) 
turbidimetnc methods, Lactobacillus casei or Streptococcus 
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laclis R being used as test organisms IMule only roughly 
accurate as a means for quantitative measurement, such 
methods were considered sutfiaenlly precise for investiga- 
tional use. The heplapeptid form, as stated previously, is most 
commonly foimd in foods, smco it is relatively inactive as a 
groRtlppromoling factor, it must be hydrolvzed ■within the 
bod\ to the simpler actiie free form, pteroylglutamic acid 
Some miestigators have used the enzyme, taka diastase, 
while others hai e used alkahne or acid hvdrol'vsis to disrupt 
the peptid hnkage, liberating free fohc acid One group of 
mestigators demonstrated that m a water evtracl of hog 
' "i?! ®^ted the enzj me, ntamm conjugase, which 
liberate pteroilglutamic acid from its conjugated form, 
the MianunB. conjugate (pteroylheptagluiamic acid) ‘"While 
animals utdize this conjugate, it was 
m iti f ' gastro-mtestinal tract of man, enzjTnea 

““Jugases were present to comerl the hepta- 

of fohc acid 

fhl'hacS ^ cauliflower, are rich in 

’'Iwal contain rm „ breakfast cereals prepared from 

‘‘‘'himLcrs hanany^riiiT*\^T '‘^eelablcs, tomatoes, 
‘"'hlueMiUle folic n ^ i.’ and milk contain 

'"hipcrature causes 1 1 'olerest that storage at room 
“ 'ttt'lc effcctue m ^ rcfngeration 

^''laboSr“r r P^"“‘'on of thm substance 

of the conjugated 
of a sutet.-.^ u j ^ oonjugaso is Imuted by the 
h»ounts of 111,, ^ conjugase inhibitor ”» Vary- 

found m yeast. AegetaHos 
’'^1 rulistaa^ ,s importance of this mhibi- 

'h normal pconk ,V metaliolism of fohc 

^ “ comimrwl to the metabolism of it in 

^ oJDjiigaicij ® to release this vitamin 
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m-inary excretion of the free matenal after oral administra- 
tion of the conjugate It was thought that the excretion of 
folic acid m the free state after administration of the con- 
jugate depended on four factors, providmg renal function was 
normal’, namely, (1) liberation of the free vitanun from the 
conjugate, (2) its absorption from the gastro-mtestmal tract, 
(3) the ex'tent of tissue deficit for the vitamin and (4) tlie 
presence and funotipnal status of tissue enzyme systems 
essential to the utilization pf pteroylglutamic acid 

In normal subjects given pteroylglutamic acid, excretion 
values for the free and conjugated forms showed, if anything, 
a dependence on the presence of some outside source of con- 
jugase inhibitor In other words, a normal subject could take 
either the pure free vitamin or the conjugate ivith all of the 
conj'ugase inhibitor removed and yet show sumlar levels of 
the free yitamm m the urine. When, however, conjugase 
mhihitor was given at the same tune as the conjugate, the 
urine showed a lower content of pteroylglutanuc acid 

Similar studies were earned out on a group of patients ivjth 
permoions anemia (9 In relapse and 3 in remission) ’ Wlien 
patients were given a normal diet or when relatively large 
amounts of conjugate plus conjygase inhibitor were added, 
it was found that those with penncious anemia in remission 
induced by hver therapy excreted pteroylglutamic acid in 
amounts equivalent to normal subjects Patients in relapse, 
however, excreted less pteroylglutamic acid than did normal 
subjects, even though their diets included additional amounts 
of free fohe aoid or the yeast ooncentrate that had been incu- 
bated with the enzyme to hherate the free vitamin Conju- 
gated forms rich m conjugase inhibitor fed to patients m 
relapse also failed to cause an increase m excretion of pteroyl- 
glutamic acid. 

Hematopoietic responses were observed in 2 patients having 
pernicious anemia m relapse who were given hexaglutamyl 
conjugate m a yeast concentrate contaimng relatively little 
enzyme inhibitor It was concluded that patients with per- 
m’cious aneima m relapse do not utilize properly the naturally 
occurring folic acid conjugate found in foods They required 
fohe acid in free form in order to respond.® 
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These obsen ations gi\ e os further insight into the etiology 
of this dsseate. BelheH and co-workers^ pointed out that 
liberalJOD of free fohc acid mar he alTectcd adversely by 
defectne mlesUnal conjngSse actintv or cv en aggravated by 
(he presence of an eprsme-mhibiting substance Moreov at, 
the Ussne deCnl for free fohc and may be so great that 
tborptioa mlo the tissues would be sufficient to lessen excTC‘- 
tKJii m the unne. fmallv, the state of the bodv’s cellular 
fcrvniesystem mav be disturbed and prev cnt the tissues from 
iitihEig the free -nlamin. 
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proper fuDctioning of the conjugase system It may be an 
anti-inhibitor for this system, or a substance that increases 
the activity of the conjugase 

2 The most widely heralded theory recently proposed is 
that of a complex t^qje of disturbance m the enzyme system 
or a deep-seated biochemical derangement of the entire 
body Certainly, the protean manifestations of perm- 
cious anemia, mcludmg disturbances m the gastro-mtestinal 
and nervous systems, unply that the derangement of metabo- 
lism IS far more widespread than is the derangement involving 
the hematopoietic system sdone That this state constitutes 
more than just an inability to utilize the conjugates of 
pteroylglutamic acid is highly suggestive It is of great inter- 
est that patients with pernicious anenna in whom remissions 
have been induced are capable of liberating free fohc acid 
from conjugates 

3 Little actually is known as to why pteroylglutamic acid 
acts as It does m stimulating megaloblastic maturation in the 
bone marrow Spies and his associates*^’®® have demonstrated 
the antianenuc properties of 5-methyl uracil (tbymme), a 
normal constituent of the body cell which is not to be con- 
fused with thiamine (vitanun Bi) Thymine, which is 
part of the nucleic acid molecule, probably plays an important 
role m cellular metahohsm It has been shown that in large 
doses thymme has antianemic properties and can produce 
hematologic remissions m permcious anemia It has been sug- 
gested that pteroylglutanuc acid may act as an enz^^me or 
co-enz^une ui the synthesis of tb^mune and m this way its 
hematopoietic action is effected From a practical viewpoint, 
thymme has never been used clinically, since enormous doses 
approximating 1,200 times by weight the quantity of pteroyl- 
glutamic acid required are necessary to produce the same 
response m permcious anemia 

4 Pteroylglutamic acid also has been thought to play a 
part in mtrogen metabolism This was suggested by Daft 
after animal experimentation 

With the background afforded by these observations, one 
can view the climcal use of fohc acid with better understanding 
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mHOIXCLITTAAnC ^ PERMaOES 


fohc and m ihe form of l^ctobacOlus <=««« ^ 

and deraoostraled its effecUveness in causing 
5 cases of niacrocNlic anemia Free folic acid * 
mmislercdb^ crther theoral or parenteral route to W 
wilh macrocj'lic anenua in rciapi>e Tliese were 
mcious anemia m relapse, sprue and nutritional macrocytic 
anemia In all except 1 case, erythrocj-tes returned promplll 
lo normal in number and appearance ” Hence, it was con 
eluded dial regardless of the rente of administration, pteroj t- 
filnianuc acid had proi ed to be a potent therapeutic agent m 
certain tj'pes of macrocytio anerma in relapse ■*° 
bpics and his eo-workers felt that subjectne and objeclne 
unproAement as well as the hematologic responses noted m 
patients with addisonian pernicious anemia m relapse com- 
piled faiorahli mth the unproi ement noted m patients xvith 
this disease who were treated with hver estract Reticulocylo- 
*13 with the peak of the response being reached between the 
mill and ninth daxs occurred This was follow ed b) a gradual 
use m the \alucs for erv’throcx'tes, hemoglobin, leukocytes 
and Wood platelets Regeneration m the bone marrow rapidlj 
'hanged from megaloblastic lo normoblastic tvDe.“ 
because of the spectacular return of the hematologic picture 
to nonnal in pernicious anemia m relapse, pterojlglutamic 
ucid was receixed enthusiast icallx at lirsU It was found to be 
effecUic orallx os well ns b> other routes of adrmmstration 

. t T^/Sc>rur 


Manj reports on its elfecliv encss soon were published Doses 
Imaged troni as blllc os 1 to os much as 30 mg per day de- 
pcad^mg on indmdual sanation. It was shown that a return 
•" the hematologic picture to normal occurred also m mnn'j 
inacrocx-tic anemias, such ns those of tropical and non- 
RTical sprue, nutnlional macrocvlic anemia piemicious 
“Mruia of pregnanes and pellagra 
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Meyer was among the first to question Avhether pteroyl- 
glutaimc acid was the answer to hver extract as a substitute 
for therapy m pernicious anemia He reported that m spite 
of adequate dosage, that is, 15 to 50 mg a day by mouth or 
20 mg a day by mtramuscular injection, the reticulocyte 
response was submaximal when compared with that obtained 
with hver extract, and the hemogloW and erythrocytes did 
not always return to normal values Moreover, Meyer ob- 
served that the manifestations of peripheral neuritis or sub- 
acute combmed sclerosis developed m patients with permcious 
anemia when they were kept on pteroylglutamic acid therapv 
In an attempt to remedy this, suboptimal doses of hver ex- 
tract each day (0 5 unit) were adnumstered concurrently with 
pteroylglutamic acid, the hematologic response was greater 
than that anticipated from adequate hver therapy alone, and 
neurologiG manifestations showed endence of improvement 
The effect of combined pteroylglutamic acid and hver therapy 
could not he explamed m view of the negligible amounts of 
free folic acid m hver extract The inference that liver might 
play a role m correcting faulty cellular metabohsm has been 
discussed previously 

NEUROLOGIC COMPLICATIONS 

Meyer^® and Hall, Watkins and Hargraves’^ were among 
the first to show that pteroylglutamic acid failed to prevent 
development or progression of neurologic manifestations in 
pernicious anemia despite the induction of hematologic re- 
missions In a later report,’® Hall warned that pteroylglutamic 
acid, because of its inahihiy to prevent the development of 
degenerative disease of the peripheral nerves and spinal cord 
m pernicious anemia, should not he substituted for extracts 
of hver or gastric mucosa Of interest, too, js the observation 
that glossitis only temporarily abated when the patient was 
on treatment with free folic acid Recurrence of glossitis was 
noted in some patients mamtamed solely on pteroylglutamic 
acid for a penod of several months 
Soon other reports followed” ” shmving excellent hemato- 
gi remissions which lasted for as long as one year but in 
hich the development of combmed system disease was not 
prevented even when doses up to 500 mg of fohc acid per 
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dai were gn eft reported that 4 out of 21 patients Milh 

ptnuaons anemia inamtained on folic acid toerapy cx- 
pmenced neurologic mamfestaUons while m hematologic 
teimssion. Lner eitiacl, howeier, brought about rapid 


nnproienient 

rtcroylglutainic Acid as Etiologic Agent iH Neurologic 
Complications -^Hemle and Welch** postulated that treat- 
BfiilXiUi pterojlglutatnic acid fn penuaous anemia not onlj 
laijlil aDoir neurologic manifestations to become evident, but 
den might preapitafe them These m\ Cstigators reported a 
COM in irhich netirOlogic relapse Was tmUsuall\ explosii e dc- 
ipite a nonnal blOod picture at the onset In spite of forty 
daji of adequate therapy With pteroy'lgltilamic acid, improi e- 
Dinil did not occur iintfl hi er extract was administered The 
uplosive devdoptnent of the neurologic manifestations does 
cot tBualj occur m combmCd system disease Cbaractcnsti- 
combined sderosis begms slowli and insidiously , and 
ma\ precede the onset of the anemia- It has been 
•I'ribated lo d^eneratii'e changes m the penpheral nencs 
•cd to degeneration of the postenor and lateral columns in 
ipaal cOrd. Because of the rapidity of deielopment of 
^'‘•dogicinanifecjaijQjjj jjj patients mamtamed on pteroyl- 
atid, it iras tbera^t that th** hematologic and neuro- 
*^®ianifestauons of pernicious aripmia were due to the 
of mote than one suLstance. 

irdwT'' ^^pert by Ross and as^waates has brought the 
of neurologw re!apv» Jn jalif^nts with pernicious 
Under treatmoji with pterovIdutEml'' ecid to a hypo- 
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tered orally each day than on therapy adnunistered paren- 
terally at monthly mtervals These observers also noted that 
glossitis was not relieved completely They also observed that 
normal levels of erythrocytes and hemoglobin could notabvays 
be mamtamed 

Of special importance was the fact that 7 out of 22 patients 
with permcious anemia showed development or progression 
of manifestations of mvolvement of the nervous system, and 
all except 2 of these 22 patients had been kept on relatively 
large daily doses (10 to 15 mg by mouth) of free fohc acid 

Hemle and Welch postulated that pteroylglutaimc acid 
exerts a deletenous effect on the nervous system and pre- 
cipitates explosive neurologic manifestations Ross and asso- 
ciates hypothesized that free folic acid interferes with the 
metabolism of glutamic acid, the only ammo acid that 
has been found capable of bemg metabolized by nerve tissue 
This hypothesis was arrived at by earlier work shoving that 

(1) !(-{-) glutamic acid could be metabolized by nen^e tissue,*^ 

(2) bram shces could utihze glutamic acid to sjmthesize gluta- 
mme,"*® (3) d{ — ) glutamic acid mterfered with the metabohsra 
of nerve tissue m contrast to the metabohc activity of f(-|-) 
glutamic acid^^ and (4) the enzyme system in extracts of brain 
tissue associated mth the synthesis of acetylcholme macti- 
vated by dialysis could be reactivated by the addition of 

glutamic acid 

From these mvestigations it was concluded that i ( +) glu- 
tanuc acid was important m the metabolism of cells of the 
nervous system It also was thought to be essential to the 
formation of acetylcholme, the mediator of nerve impulses 
Smce glutamic acid is part of the pteroylglutamic (folic) acid 
molecule, it was postidated that this component of the free 
substance entered mto competition ivith /(-{-) glutamic acid 
and mterfered with nerve metabohsra This view also vas 
held by Zimmerman and others as likely to be correct 

Da\ns m a recent report showed that m cases of untreated 
permcious anemia the acetylcholme content of the serum vas 
markedly elevated The adnumstration of ptero>lglutamic 
acid, hver extract or ventnculm to these patients produced 
a decrease m the acetylcholme concentration of the blood 
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2 Pteroylglutamic (folic) acid should not he used as the 
sole therapeutic agent in pernicious anemia 

REFERENCES 

1 Addison, T On the constitutional and local oEfects of disease of the supra- 

renal capsules London, S Highley, 1855, 43 pp 

2 Angler, R R , Boothe, J H„ Hutchings, R L , Movrat, J H , Somb, 

Joseph, Stokstad, E L R , SubbaRow, Y , WaUer, C \V , Cosuhch, 
Donna B , Fahrenbagh, M J , Hultqmst, M E , Kuh, Erwin, Northej, 
E H , Seeger, Dons R , Sickels, J P and Smith, J M , Jr Synthesis 
of a compound identical with the L. casei factor isolated from liier 
Science n s J02 227-228 (Aug 31) 1945 

3 Bauer, J L, Watson, R Janet, Chambhss, J R and Davidson, C S 

Sensitivuty to pork-hver extract in pernicious anemia, clinical obsena- 
tions op fourteen patients New England J Med 236 622-625 (Apr 24) 
1947 

4 Bpiry, L J and Spies, T D The presept status of folic acid Blood 

4 271-306 (July) 1946 

5 Bethell, F H and Goldhamer, S M Standards for maximum recticulocj te 

values following ventncuhn and intraycnous liver extract therapy in 
permcious anemia Am J M Sc 186 480-484 (Oct ) 1933 

6 Bethell, F H and Sturgis, C C The relation of therapy in pernicious 

anemia to changes in the nervous system Early and late results m a 
senes of cases observed for penods of pot less than ten years, and early 
results of treatment inth fohe acid Blood 3 57-67 (Jon ) 1948 

7 Bethell, F H , Mejers, Muriel C , Andrews, G A , Swendseid, 1\I E , Bird, 

O D and Brown, R A Metabohe function of pterojlglulamic acid and 
Its hexaglutamjl conjugate I Hematologic and urinarj excretion studies 
on patients with macrocji.ic anemia J Lab & Chn Med 32 3-22 
(Jan ) 1947 

8 Bethell, F H , Swendseid, Manon E , Bird, 0 D , Brown, R A , Meyers, 

Munel G and Andrews, G A Further studies on the utilization of 
pteroyl hexaglulamyl glutamic acid (vitamin conjugate) in pernicious 
anemia J Lab & Clin Mgd 32 337-338 (|Vlar ) 1947 

9 Bierraer In Gesellscfaaft der Aerzte dcs Kentons Zurich Korresp f 

Schweiz Aerzte 2 15, 1872 

10 Bird, O D , Robbins, Marj, Vandenbell, J M and PfiFner, J J Observa- 

tions on vitamin Bo conjugase from hog kidnej J Biol Chem 46J 649- 
659 (June) 1946 

11 Carryer, H M and Koelsche, G A Use of antihistammic drugs in Irenlmg 

patients allergic to hv er extract Unpublished data 

12 Castle, W B Achlorhydria and pernicious anemia BnU M J 4 1120- 

1121 (June 2) 1929 

13 Castle, W B Obsen aUons on the eliologic relationship of achjlia gastrica 
to permcious anemia I The effect of the administration to patients with 
pernicious anemia of the contents of the normal human stomach recov- 
ered after the ingestion of heef muscle Am J ]\I Sc 475 748-764 (Dec ) 

1929 

Castle, W B and Locke, E A Observ aliens on the etiological rclatjonsliip 



.jHEBAPY in PEBNIOrOTJS ANEMIA 


Oklutr ) J Clin. Inv«Ug«tJon 

(•M(AuE)195fl PeUiological phyniJoW 

IS. C«U9 W B. jmd Oriord Unlverrily Prt«». 1936, 

dacrfvtlon of the tnemlos. New lori 

„ j w r rtb«rvallonsont3io*tlologlordBUon 

li CmU! ff B udTowiaend W a Ob^ 

rfBP of ochjU* gulrica ‘® ^neni,, of Wef mind* after 

■dminlslratioo W paUenU with pernl ^ j j,I go 178 764-777 

|«ol«tloa Irith nonnd human gaatno juk* Ain. 1 « =» 

(Dec.) 19W . iiv^ ftvtraota for pafenleral use, com 

II Clark G W “^"^ona Aim J M So 209-520- 

(oriaon otcmdo ohd cODCCntmtad prApliraUoM Aim 

S’l (Apr ) 1915 . „ « 1 i5«Ii,t M' T Thd nature of 

18. Cohn, El M!oot,G R AUta, G ^ . „ j. bIoL Chem. 

the material in liver elTeoUve In pcrnlcloua anemia II J. « 

77 32S-JS8 (Mai) 1928 

» Conreteoce on folio add Quoted by Moyer L AE ftmiioiona 

■>4 Cwmtr H M.t Gentian violet and aonviolel 'f 
mmmla preliminary report. M 1 & Record 
21 Conner li M The treataient of ptmlcioUa anemia with iwine 

IJCJIA. Si 388-390 (Feb 8) 1930 .wnWon. 

a. (imner H M The feeding of gaatrio tisane in the treatment of pefnid 
aoemta.JA.M A. 96 500-603 (Fob. 14) 1931 ,v,. 

». Conner II M A preparation ofllvtr and slolnatdi (^alln) 
inenl of pernicious anemia. M Cur* NobtH AiJEnica, fe 
tS^) 1931 „ ^ , 

"I ComeD B S PemidonB anomla Dilrhhm, North CiroUna, Dnie Eni 


verdti Press 1927 311 pp „ „ ,n, 

-S. Bsfi, F S. Phyriolo^ aspeeta. Ann. New York Acad So 48 299-307 
(Nor 30) 1916 

'A Duneahel RUllaffl Medicol progress. Hematology New England J Med. 

*37 UMll (SepU 18) 1917 

T tHris. J E‘ BedncUon of eicesi aeotylOhoUie in the eorutt of pemidons 
•neoaa pnltenls by treatment with plorojl glutamio acid liver eitrnct, 
n Vtntrtcnlm Scienct ftj 104-608-606 (Deo 27) 1946 
Bay P E Langston 1\ C. and Sbukera, C. F i Lenkopenia and anemia 
la the monkey resolting from vitamin defidency J Nutrition 0-637—644 
W»J) 1935 

^ Bey P h. Miras Virginia, Totter J R. Stokatad EUR, Hutchings 
B. E nnd Sloaoe N 11 The auccesaful treatment of vltnniinM deficiency 
^the tnonkey with highly purified LaotobacDlus easel factor J BkJ 
« J-®- '35-424 (Jan.) 1915 

A. Folic acid (lynthctio E case! footor) an essential panhemato- 
Paetle lUnmlus eipenmental and cUnicol studies (Edwin A. JarccVl 
1) Am.! M Sc J12-257-274 (SepU) 1946 

‘Irtul A warning regarding the use of folio aaE Now England J Aled 
^ U7ltviH(Nov 6)194-’ 

T D VBter a F nnd English Ann 
1 °''"i-*'‘ons on the inthmemlc properties of S-roethyi utaoL 
•' Ash. A Qm. Med 31-613-619 (Juno) 1916 , , 



1140 JOHN E STB\'ENS, BYRON E HALL 

33 Goldhamer, S M The effect of ventrjcuJin on the blood sagar level in 

patients with pernicious anemia J Clin InN esligalion H 641-646 
(Ma^) 1932 

34 Goodman, Louis and Gilman, Alfred The pharmacological basis of lliera- 

peutics New York, The Macmillan Companj, 1941, pp 1123-1139 

35 Haden, R L. Permcious anemia from Addison to folic acid Blood 3 22-31 

(Jan ) 1948 

36 Hall, B E and Watkins, C H Expenence with ptero;>lglutanuc (synthetic 

fohc) acid in treatment of permcious anemia J Lab &CIm Med 32 622- 
634 (June) 1947 

37 Hall, B E , Watkins, C H and Hargraves, M M Expcnenccs with 

synthebc fohc acid in the treatment of anemias of macrocytic typo 
(Abstr ) Proc Central Soc Clin Research i9 55, 1946 

38 Hamed, B K., Cumungham, R W , Smith, Helen D and Clark, Mary C 

Pharmacological studies of pterojlglutanuc acid Ann New York Acad 
Sc 48 289-298 (Nov 30) 1946 

39 Heinle, R. W and Welch, A. D Fohc acid in permcious anemia, failure 

to prevent nenrologic relapse JAMA ^33 739-741 (Mar 15) 1947 

40 Heinle, R W , Dingle, Janet T and Weisberger, A. S Fohc acid w the 

mamtenance of permcious anenua J Lab &. Clin Med 32 970-981 
(Aug ) 1947 

41 Heinle, R W , Nelson, Eveljm M , Nelson, H V and Welch, A D Non- 

utihzation of conjugated fohc acid m permcious aneima J Lab &. Chn 
Med 32 336-337 (Mar ) 1947 

42 Hogan, A G and Parrott, E M Anemia in chicks caused by ntamm 

deficiency J Biol Chem 432 S07-517 (Feb ) 1940 

43 Hutchmgs, B L , Stokstad, E L R , Bohonos, N and Slobodkin, N H 

Isolation of a new Lactobacillus casei factor Science us 99 371 (May 5) 
1944 

44 Kaufman, R E , Farmer, Laurence and Reich, Carl Allergic reactions to 

hi er extract Ann Ini Med 49 768-779 (Nov ) 1943 

45 Krebs, H A CCXXX. Metabohsm of amino-acids IV The synthesis of 

glutamine from glutamic acid and ammoma, and the enzymic hydrolysis 
of glutanune m ammal tissues Biochera J 29 1951-1969, 1935 

46 Langston, AV C , Darby, W J , Shakers, C F and Day, P L Nutritional 

cylopema (\utamin M deficiency) in the monkey J Exper Med 63 923- 
940 (Dec 1) 1938 

47 Lee, IL I A case of permcious anemia requiring enormous amounts of 

hver, especially by mouth, over twenty years Blood 3 127-128 (Jan ) 
1948 

48 Meyer, L M Fohc acid in the treatment of permcious anenua Blood 

2 50-62 (Jan ) 1947 

49 Minot, G R The dev elopment of hv er therapy in permcious anaemia, 

a Nobel lecture Lancet. 4 361—364 (Feb 16) 1935 

50 Minot, G R and Murphy, W P Treatment of permcious anenua bv a 

special diet J A M A. 87 470-476 (Aug 11) 1926 

51 MitcheU, H K , Snell, E E and Wilhoms, R J The conccnlraUon of 

“fohc acid ” J Am Chem Soc 63 2284 (Aug ) 1941 

52 Murphy, W P Twentv years of liver therapy Blood 3 32-35 (Jan ) 1918 

53 Nnchmansohn, D , John, H AI and Waclsch, Heinrich Effect of glutamic 



THERAPy IN PERNICIOUS ANEMIA 


1141 


tcid on Ihe formation of acelylchoUna J Biol Chem> i5(l‘485-486 (OoL) 
1913 

St OUon, 0 Em Bams, R. H and H>'ehjeni C. A, A preliminary report of 
the folic aad content of certain foods, J Am Dietet A. 23 200-203 
(Mw)l9t7 

S5 PfiffwT J J Calkins, D Bloom E. S and 0 Dell B L. On the 
peptide nature of >'ltarain B« conjugate from y-east J Am Chem Soc 
€S 1992 (July) 1946. 

56. mner J J, Blnklej S Bloom. E S Brown B A, Bird 0 D 
Emmclt, A D Hogan A G and 0 Dell B h. Isolation of anlianemia 
factor (ritamin B,) in crjitoUine form from liver Science, nut 97 404- 
40 J (Apr 30) IS 13 

^ L '!• "■•‘“'lei A. H M LXXXn„ OndaUon. by the 

brain Blocbem J SB 725-744 1932. 

Belding It and Paesel B L. The development and progre*- 
^ of in^ie combined degoncraUon of the fpinel cord in patients 

” PlerojWulamic add and related 

wtala^Nea-EaglandJ Mad Jd7-667-«72 (Ool. 30), 703-707 (Nov 

^ Treatment of Urn anractsmslUvlty 

^ tc’l «“»«> of liver therapy Ip peml 

J, (\lar)iw ^ ^ H>e 25 259^6 

f*o^« by baoteria X. AddlUonal 
(Mar ) 19(o ^ "“'I bacteria. J BacU 39 273-285 

"™S’'s;rr£b »■““*?;; LSf t 

” ’-Si"'-.,;”';';- SOT" - ■ -- 

IMo^kV "^“ ouon, ,0 bhUminaae by mouth In pro. 

^ muTr r I’ll “'O'- “tract J A.M.A. fl7 



1142 


JOHN E. STEVENS, BYHON E HALL 


in the treatment of macrocytic anemia South M J 55 781-785 (Dec ) 
1945 

71 Vilter, C F , Vilter, R W and Spies, T D Xh? treatment of pernicious 

and related anemias with sypthetic fohc acid J Observations on the 
maintenance of a normal hematologic status and oq the occurrence of 
combmed system disease at the eqd of one year J Lab, & Clin Med 
32 262-273 (Mar ) 1947 

72 Vilter, C F , Vilter, R TV and Spies, T D The occurrence of copibmed 

system disease in persons with permcious anepua during treatment with 
the Lactobacillus casei factor (fohc acid) J Lab & Chn Med 32 335- 
336 (Mar ) 1947 

73 TVatson, Janet and Castle, TV B Nutritional macrocytic anemia, espe- 

cially in pregnanej, response to a substance in hver other than that 
effective in permcious anemia Am J M Sc 2ff 513^530 (May) 1946 

74 TT'^ed-Malherbe, Hems XCV Studies on brain metabolism J The metabo 

hsm of glutamic acid in bram Riochem J 30 665-676, 1936 

75 TVills, L and Evans, B D F Tropical macrocji,io anemia its relation to 

pernicious anemia Lancet 2 416-421 (Aug 20) 1938 

76 TVintrobe, M M Antianenuc effect of yeast ip permcious anemia Am J, 

M Sc 197 286-310 (Mar ) 1939 

77 TVintrobe, M M Chmeal hematology Philadelphia, Lea & Febiger, 1942, 

p 335 

78 Zimmerman, F T , Burgemeister, B R and Putnam, T J A group study 

of the effect of glutamic acid upon mental functioning in children apd 
adolescents Psychosomatic Med 9 175-^83 (May-Junc) 1947 



CUMULATIVE INDEX 


AmoVCTiL operalioiB, air travel 
iSla,Jii}f 1091 

pein, dllTerenUal dlagaons. March, 
3B9-397 

i-rejr In hfarch, 395 
Abacttj el train ctndpbcaUpg atria] 
icptal defect, Jufy 90S 
compltcaUng pulmonary ttenoeis, 
July 8 i 0 

*>STOiu.d/ay 800 
of brer acute. March 481 
amebic, 37are8 479 
cf long antibiollQ aerosola io 
Jafy 1083 

Atatoplwbia Jlfoy {73 
Acet jl tela roelhjicholine la congenl 
w mepacolon, July 983 

balance dtalnrbancea of 
-fan„ 268 

treatment, Jotl, 270 
regolnion of Jam, 264 
■wrtaninn changea In team for 
oetennming Jon 267 

recent develop- 
menu, Jon. 261-271 

A ^8 

l^nlcmia in. Jufy 

'''•'“•Jot 

"f anuiaotlo 
*ly 1077-10 k"'“' 

'Kinn™ 
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Anorexia nervosa in adolescence, Jan , 
142 

Anoxia, anoxic, in air travel, July, 
1087 

AntiLiotics, use by aerosol method, 
critical evaluation, July, 1077- 
1085 

Antihistaminic drugs in asthma, Jan , 
244 

Antispasmodics in peptic ulcer, 
March, 322 

Anxiety states, recogmtion and man- 
agement, May, 597-€08 
Aorta and pulmonary arterj, com- 
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ductus arteriosus and defect in 
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lar septum, July, 890 
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sided ductus arteriosus, July, 
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Apoplexy, after-treatment. May, 739 
prevention. May, 735 
treatment. May, 736 
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pain in, March, 394 
Artenes, cranial, dilatation, headache 
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Aspiration of testis to obtain sperm, 
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acute attack, treatment, Jan , 243 
air travel m, July, 1090 
antibiotic aerosols in, July, 1082 
antihistammic drugs in, Jan , 244 
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Atrial septal defects, July, 895-910 
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tional uterme bleeding, Jan , 
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postencephalitic. May, 660 
post-traumatic, Afay , 661 
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Bell’s palsj, phjsical medicine in. 
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Belladonna in peptic ulcer, March, 322 
Bde ducts, carcinoma, March, 498 
common, stone in March, 495 
obstruction, jaundice due to, 
March, 450 

stricture, benign, March, 496 
pigment metabolism, normal and 
abnormal, March, 413, 444 
Bibary calculi, jaundice due to, 
March, 450 
cirrhosis, March, 512 

serum protein fractions in, March, 
463 

colic, March, 487 

drainage in diagnosis of gallstones, 
March, 489 

dyskinesia, March, 390, 497 
tract, diseases, March, 486-499 
Biopsj, endometrial, Jan , 49, 61 
testicular, Jan , 81, 98 
B L B mask in status asthmaticus, 
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Carcinoma of prostate gland estrogen 
therapy Jan 111 
orchiectomy in, results Jan 
117 

phosphatase detennloations 
Jan 112 

of stomach nmulaling gastric (ji 
\’eftlciilum Aforch 348 
of thyroid radioiodlne in July 
962 

Cardiac cirrhosis March 514 
Cardiospasm March 366 
Caronamide, July 1106 
Cecum carcinoma, anemia in Marche 
386, 387 

Cell count, spinal fluid in neuro- 
syphilis, Afay 708 
CercbmL Sec also Brain. 
embolism Afay 739 
hemorrhage May 735 736 
differentiated from thrombosis 
and embolisra Afoy 799 
localhaUoD clinical aspects. May, 
721-726 

palsy treatment, Af^y 789-793 
sinuses^ and Yclns, thrombosis of 
Afoy 739 

thrombosis, May 738 
Chorool s triad in molUpIe sclerosis 
Afoy 746 

Cbcsl conditions, abdominal pain in, 
A/orcA, 389 

Children, behavior problems, Afav 
655-667 

problems of Jon, 272-282 
CholwpiU compUonting common 
duct ilone March, 496 
Cboleo,,lectomy hn.nry djikiadn 
following d/orcA. 390 
Cho^^Olwl,ll^ acute dforcA 490 

dilfcremlal dingno.!. March 492 
pain in March 394 393 
Ireatmcnl. March 493 
chronic March 49 f 

CholMieco.1, of gnllLIaddcr March 
491 

Clrrhovis March 500-517 
hnSary, March 512 
primary March 512 
nreondary March 513 
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Curliosis, biliary, serum protein frac- 
tions in, MorcA, 463 
cardiac, March, 514 
congestive, March, 514 
Laennec’s, serum protein fractions 
in, March, 460 

of bver, heitiorrhage in, massive, 
March, 328 

pigmcnt&ry, March, 5ll 
portal, March, 501 
acute hepatitis and, March, 505 
alcoholism and, March, 503, 509 
dietary defiCiences and, March, 
503 

hpotropic factors in, Mafch, 502, 
509 

treatment March, 508 
■with primary carcinoma, climco- 
pathologic conference, March, 
537-544 

postnecrotic, March, 511 
syphihtic nodular, March, 514 j 
toxic, March, 511 j 

Clinicopathologic conferences, Jan , 
161-175, March, 537-544 
Colectomy in congenital megacolon, 
July, 985 

Colic, abdominal, March, 392 
bibary, March, 487 
Cohtis, thrombo-ulcerative (strepto- 
coccal), present-day therapy, 
July, 967-979 

ulcerative, chrome, anemia in, 
March, 384 

indeterminate, and amebiasis, 
March, 408-418 
treatment, March, 414 
present-daj therapy, July, 967- 
979 

streptococcal, nlodiced manage- 
ment, July, 967 
surgical management, Jiily, 975 
with ileoStOWj, abdominal pain 
in, March, 392 

Colon, carcinoma, anoniia in, March, 
386 

dilatation, idiopathic, congemtal, 
treatment, recent ad\ancc3, July, 
981-987 

irritable, diagnosis and Irenlmcnl, 
ment, March, 398—407 


Colon, irritable, physiologi. March, 
400 

psjchosomatic factors, March, 
400 

lavage, in renal failure, /ulj, 995 
Como, differential diagnosis, Ma^, 
795-803 

laboratory exammation in. May, 
798 

symptoms and signs. May, 795 
Common duct Stones, March, 495 
Complement fixation test of spinal 
flmd in neurosyphilis. May, 708 
Compulsive movements, skin lesions 
due to. May, 674 

Conception, physiology of, Jan , 40 
Conduct disorders in children, May, 
664 

Congenital heart disease, sjunposiura 
on, July, 855 

Constitutional diseases, abdominal 
pain in, March, 391 
[ Convulsions, coma following. May, 
801 

Cor pulmonale, acute, precordial 
leads In, Jan , 205 

Coronary thrombosis, abdominal pain 
in, March, 389 
in aged, Jan , 227 

Cranial arteries, ddatation, headache 
duo to. May, 558 
Cretinism, Jan , 122-139 
endeimc, Jan , 122, 125 
sporadic, Jan , 122, 125 
Curetlage, uterine, in uterine hemor- 
rhage, Jan , 67 

Cj’anosis, heart anomalies associated 
with, July, 855, 879 
Cysts of pancreas, March, 532 

DEFiciENcy diseases, stomatitis due 
to, March, 360 

Delirious reactions, diagnosis and 
treatment, Afaj, 647-654 
Dementih praecox, Afay, 623-629 
Dermatitis, atopic, emotional factors, 
Afa^, 675 
faclitia, Afay, 674 

Dermatologic disorders, psj-chogcnic 
factors in, Afa^, 669-685 
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EndometnumT cycbcal changes, Jan , 
42 

Enteritis, regional, diagnosis and 
treatment, study of 55 cases over 
nme years, March, 419-427 
Ephedrine m asthma, Jan , 243 
Ep;dural hemorrhage. May, 790 
Epilepsy, air travel m, Jul^, 1092 
Epileptic child, behavior problems in. 
May, 662 

Epmephrme ip asthma, Jan , 238, 
243 

Ergotamine tartrate in migraine. 
May, 561 

Erythrocytes, buffering action of, 
Jan , 265 

Esophageal hiatus hernia, recurrent, 
Jan , 213-222 

Esophagus, carcinoma, March, 370 
diverticulum, March, 364 
lesions, March, 363-372 
Estrogen therapy in amenorrhea with i 
psychosomatic disturbances, 
Jan , 71 

m carcinoma of prostate, Jan , 
111 

in menopause, Jan , 71 
in prostatic hypertrophy , Jan , 
119 

in uterine hemorrhage, Jan , 68 
Eunuchoidism, secondarv, Jan , 142 
Euphoria in multiple sclerosis. May, 
746 

Exercise in cerebral palsy. May, 791 
in penpheral nerve injuries. May, 
782 

in poliomyelitis, Afay, 785 
Exophthalmic goiter, radioactive io- 
dine in, Jan , 3-17 

Exophthalmos, relationship of thyro- 
tropic hormone to, July, 952 
Expectorants in asthma, Jan , 243 
Extralift in pernicious anemia, July, 
1117 

Elxtrarcnal excretion, chnical consider- 
ations, July, 989-1076 
methods, July, 989 
Eye, diseases, headache with, Afay, 

567 

involvement in multiple sclerosis. 
May, 745 


Patnttng, May, 803 
Fallopian tubes, patency, delerrain- 
ing, Jan , 46 

Fallot’s tetralogy, July, 855-877 
Family -doctor cooperation in mental 
illness, Afay, 631-610 
Fatigue m aged, Jan , 223 
Fertility m men, Jan , 73-88 
in women, Jan , 37-56 
impamed, treatment, Jan , 69 
Fibrocystic disease of pancreas, con- 
gemtal, March, 531 
Fistula, pancreatic, March, 532 
Fluid admmistration in intestinal ob- 
struction, Afarch, 374 
in ulcerative colitis, streptococcal, 
July, 974 

Folic acid, conjugates of, July, 1128 
ractabohsm of, July, 1129 
in pernicious anemia, July, 1125, 
1133 

neurologic complications, 
July, 113 i 

physiology of, July, 1128 
Food allergy, Jan , 245-263 
diagnosis, Jan , 250 
treatment, Jan , 257 
Frohlich’s syndrome, Jan , 141 
Fungus infection of mouth, March, 360 
Furunculosis, emotional factors, Afay, 
681 

GALUiLADDEn, carcinoma, Afarch, 497 
cholesterosis, March, 494 
empyema, Afarch, 491 
perforation, m acute cholecystitis, 
Afarch, 491 

'’strawberry,” Afarch, 494 
Gallstones, Afarch, 487 
biliary' coho in, March, 487 
complicntiohs, Afarch, 490 
Ga^lrointcstihal diseases, air travel in, 
July, 1091 

symposium on, Afarch, 301 
hemorrhage, massne, upper, indi- 
cations for surgery , Afarch, 

328 

medical nianagcmenl, 
Afarch, 328-335 

tract, utilization tor dinly'sis, m 
renal failure, July, 992 
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Henalospemja, di^tliTfrtilbestrcl la, 
Jon-, 121 

Hetsple^ta, aphm^a compDcatmf 
trealfflOTt, ifar 741 
dee to eeretral lesjoia, treatment, 
^fer -33-“4; 

pIi’r«aJ m-'djcme Ic. 1/cv 786 
RemolvtK Jarmdxv ^farck, -^6 
HemoTta^e, abdominal, pam in, 
SScr^ 393 

aarebral. Mar “33 "35 
epidural. Mar “98 
pastromtestmal cjaj*«i\‘e, in- 

dlcaUoss for < ur ggTT 
Marcft,3Z8 

medical manapement 
UorcA, 323-335 

intrac-anial. In pew b oc n , Ifov “3“ 
TObarachnord. tfijr “33, 800 
beadacbe doe to Mar 563 
nlenne Jttru, 6“ 

HepaU- See aL*o LtnT 
jaond i ze, l/crc^ 448 
Ifepauirs, o-nle portal cirrfco^ and, 
l/creA, 503 

atD-fcoc, With sopjmalion, lf«. ' 

r 

witbcrat supporatiAa, \f 
cbrtjcir IfarrS 

fennn protem fraction? "* 
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Hepatitis, diffuse, acute, March, 469 
infective, acute, serum protein 
fractions m, March, 457 
epidemic, March, 469 
sjioradic, March, 474 
suppurati\e, acute, March, 479 
Hernia, diaphragmatic, air travel in, 
July, 1092 

hiatus, esophageal, recurrent, Jan , 
213-222 

Herpes simplex, emotional factors. 
May, 679 

Herpetic stomatitis, March, 359 
Hiatus hernia, esophageal, recurrent, 
Jan , 213-222 

Hormonal levels m fuiictional uterine 
bleeding, Jan , 62 
Hormone, thyrotropic, July, 951 
Huhner test, Jan , 76 
Hj-codan bitartxate in asthma, Jan , 
238 

Hydnllm in asthma, Jan * 244 
Hydriodic acid, sjTup, in asthma, 
Jan , 243 

Hypendrosis, May, 675 
Hyperinsuhnism, diagnosis, Ma^, 802 
Hypermenorrhea, Jan , 67 
Hj^perpituitarismin adolescence, Jan , 

143 

Hypertension in aged, Jan , 226 
sjhnpathectomj in, present status, 
Jan , 187-196 

Hyperthyroidism in adolescence, Jan , 

144 

propylthiouracil in preoperative 
pteparation, July, 956 
in treatment, July, 956 
radioiodine m, July, 956 
thiouracil in preoperatiVe prepara- 
tion, July, 955 
in treatment, July, 955 
Hypnotic psychotherapy, Afay, 571- 
583 

Hypogoaadjsm in female, Jan , 55, 
56, 149 

in mide in adolescence, Jan , 147 
phj’siological basis, Jan , 97—110 
Hj'popilhitanstn in adolescence, Jan , 
140 

Hj^pOthyroidism in adolescence, Jan , 
144 


Hypothyroidism m children, Jan., 
152 

Hj-stencnl coma. May, 803 
HysterosaJpingography in slerililj, 
Jan , 45 

IcTEnus See Jaundice 
Infantile paralysis See Poliomyelilis 
Infectious diseases, treatment, recent 
trends, July, 1105 
Infertility m female, Jan , 37-56 
in male, Jan , 73-88 
physiological basis, Jan , 97 
Inflammations, abdominal, pam in, 
March, 394 

Influenzal meningitis, slreptomjcm 
m, Afoy, 818 

Injuhes, peripheral nenC, physical 
medicine in. May, 779 
Insanitj, better doclor-ffimily cooper- 
ation m, March, 631-640 
Insomma in aged, Jbn , 228 
Intellectual inadequacy in children. 
May, 659 

Intention tremor in multiple sclerosis. 
May, 746 

Intestinal infections, streptomycin in. 
May, 805 

obstruction, abdominal pom in, 
March, 393 

air travel in, July, 1092 
dietary measures, March, 378 
flmd therapy, March, 374 
medical aspects, March, 373-381 
tract, diseases, anemia in, March, 
382-388 

Intestmes, irrigation, in renal failure, 
July, 993 

large, tumors, i-ray diagnosis, 
March, 428-435 

small, impaired absorption from, 
anenua due to, March, 383 
tumors, x-raj diagnosis, March, 
436-442 

Inlracramal hemdrrhage in newborn. 

May, 737 

injuries, air trOScl in, July, 1092 

Intra> entncular block, precordial 
leads in, Jan , 208 

Iodine, radioacU'i'c, in Gra%c'6 dis- 
ease, Jan , 3-17 
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rrrfgflUoru In nlceratlvo coIjUs, «trep- 
tocoocal July 973 
lotertinal^lnrtnftlfatlare^ July 994 
IrritaUe colon, dlagoosU and treat 
nirtt, Maxell, 59R-107 

Jaittpice, ManK 415-454 
duwficallcm AlnrcHf 446 
cofBtitolIonal, inlld, Mnrcfit 446 
Wmdiytk, ^JorcJi 4-17 
bcpal* March 448 
boTooiogoru »mimy March 47S 
brer fanctKrn toils, MarcK 452 
Ji»]aQam, drainage, iq renal faflure 
Job* 995 

objirucbon, anemia dae to, hfarch 
183 

17 KETOSTWinros, androgcnio func 
lion JoTu, 93 

tttutlon, Iq endooflqe dUordera, 
Jan-, 91 

Kidney faJurp, dialjtl* lo, t>aslc 
rfincfplw, July 990 
ttternal, Jaiy 991 
hiterBal gastrolotcstlnal tract, 
Jaly 992 

perftOMom, July, 995 
Peritoneal lavapo to promote 
eslrarenal excretion m July 
989-1076 


Uver, carcinoma with portal efrrho- 
gia, dmlcopathdogio confewuce 
ilforcA 544 

curhoaiB hfarchf 500-517 

henjorrhoge in, raassive March 
3M 

with primari carcinoma clinlco 
pathologb? conference hfareh 
537-544 

dwaaeea, jaundice in* March 449 
aemin proteins in, March^ 455- 
468 

fonotional tests, m jaundice, March 
452 

hemaohromatpsls, Aforch, 511 

Ipfeotiona, eonto AforcA 469-485 

necrosis acuta, serum protein free 
tions in, Aforeh, 460 
I therapy in pernidons anemia Ja(y 
1118 

reactions, Jnly 1121 

LocalbEation, cerebral cUrJcal aspects 
Afoy 721-726 

Lumbar puncture headache following 
May 5W 565 

Lung abacess, antibloLio aerosols in 
JaJy 1082 

infections^ nontubercolous strepto- 
mycin In, Afoy 826 

Lymphoblastoma of stomach simu- 
lating gastric dt\erllculam 


hiCnx^S cirrboib serum jiroU 
IfscUoiHin ArareA.460 

^tobadnu,ca«lf.ctor,JuIy,n2 

IntTnalfailam Jd 
tn iroal (jHurt July, 99 

^'iwljinreMlf.niw July 9 
In rromollon of ert. 

r.cto 

iwi 


Afarch 345 

Makic DEpnEWiTE piychosi,, Afay 
6n-«l« 

Monloui lubereulm tajl, July 1096 
Mawaffo In pcrlpbernl nrn^ injoriea 
Atay 782 

MceaMophaBiu, AfareA 366 
Mtgncolon, congenital air travel in, 
Jub- 1091 

Irantment, recent adtancra July 
981-987 

McnlngkcD tularemic Afay 769-716 
MeniDgltu headache In Afay 563 
ionuenial atrcptomytln in Afay 
818 

rmmmococcal slrtptom>Tdn in. 
Way 822 

wrom, lularemto, jWay 769-"78 



1152 


cUjMulatrte: index 


Meningitis, staphylococcal, strepto- 
m>cin in, May, 822 
streptomycin m, May, 818 
tuberculous, streptomycin in. May, 
830 

Menopause, estrogen therapy, Jan , 71 
Menorrhagia, Jan , 67 
Menstrual cycle, physiology of, Jan , 
42 

Menstruation, irregularities of, and 
their treatment, Jan , 57-72 
Mental deficiency in children. May, 
659 

hospital, mslructions to famdy of 
patient going to. May, 639 
illness, better doctor-family cooper- 
ation in. May, 631-640 
Metrorrhagia, Jan , 67 
Microsporon audouim and lanosum 
infections of scalp, differentiation 
Jan , 286 

Migraine, May, 560 
Mitral valve, atresia, with rudimen- 
tary left ventricle, patent fora- 
men ovale and ventricular septal 
detect, July, 880 

Moronic children, behavior problems 
in, May, 659 

Morphine poisomng, acute, diagnosis, 
Maj, 802 

Mouth, inflammations, common 
forms, diagnosis and treatment, 
March, 355 

Multiple sclerosis. May, 743-754 
chnical features, May, 745 
differential diagnosis, May , 749 
etiology. May. 751 
precipitating factors. May, 747 
treatment, iMay, 752 
Muscles, contracted, headache due to. 
May, 565 

reeducation in peripheral nerve m- 
juries. May, 782 
in pohomyehlis, Mav, 785 
M y ocardial infarction, prccordial leads 
in, Jan , 200 

Myxedema, infantile or childhood, 
Jan , 124, 127 

NEBumzcn for aerosol therapy, July, 
1078 


Neoprontosil in ulcerative colitis, 
streptococcal, July, 971 
Nerves, peripheral, injuries, physical 
medicine in. May, 779 
nutritional polymeuropathy. May, 
727-733 

Neuritis, retrobulbar, in multiple 
sclerosis. May, 745 
nutritional. May, 730 
Neurodcrmalilis, disseminated. May, 
675 

Neurological complications in folic 
acid therapy of pernicious ane- 
mia, July, 1134 

exammation, simultaneous stimu- 
lation in, advantages of method. 
May, 755-758 

Neurology, symposium on, ilfay, 1918 
Neuromuscular affections, physical 
medicine in, May, 779-788 
Neuropathy, multiple, nutritional, 
d/ay, 727-733 

Neuroses, belter doctor-family co- 
operation in, d/oy, 631-640 
Neurosurgery, air travel after, July, 
1092 

Neurosyphihs, May, 707-719 
pemcillin in. May, 711-718 
dosages. May, 715 
results at BcIIevnie Hospital, 
May, 715 

basis of evaluating. May, 711 
spinal fluid examination in, May, 
707-719 

Neurotic excoriations, d/ay, 673 
traits in children. May, 663 
Newborn, intracranial hemorrhage w. 
May, 737 

Nutritional polyneuropatliv. May, 
727-733 

OccuI>ATIO^AI, therapy in pcnpherol 
nerv c injuries. A/ay, 783 
Optic nerve disturbances in multiple 
sclerosis. May, 745 

Orchiectomy for carcinoma of pros- 
tate, results, Jan , 117 
Osteomyelitis in infants, streptomycin 
in, d/ay, 834 
OT, July, 1095 
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Ovary igtwiix, dvrarfisni with Jan. 
1S6 

cjdjcal changes, Jan. 42 
fttnctloo, etndy In •tcfllity Jaru^ 49 
Orulation, Jotl^ 42 

Oijgen idnumslratloD in ulcerative 
colilli, iireplococcal July 972 
OtygtThbdiutD therapy In asUuna 
Jan. 23&-241 


Ww abdominal differential dlag 
w»i», Aiorth 389-397 
diflmaitial diagnosis, x-ray In 
Martha 39o 
I**hy S« Purolyau 
P«ocTea», anatomical abnormalities 
A/arfi,533 

Matomy and physiology dfonJi 
518 

caMi of Aforrh, 530 


^'f^wwna Uarch,533 
d/oreA, 532 
^fara, Sia-S36 

di5«« coneenitd] 

V jaandK« u, 

Mart 451 

Afarrt,53: 

WorcA 522 

*^UU! scale Hanh 5a 

Md reourmt, March, 529 

TO" In, AfsrcA, 391 
'^“hobeiuola ncfd in Hock- 

'«dlcto 
May 789-793 

Jm, 115 *“ •'•“'''Mnce 

P'l^Wortu, srtnb^,, Jaly 9,j. 

irtiuptmetlon by sir 

10*9 ®'l®ilai<lrBlIoa 


Penicfllin in brucellosis, aalfadiaxine 
with July 1108 ^ 

in indeterminate uloorative colitis, 
jlforcA 417 

in neurosyTihilb Afay 711-718 
dosages. May 715 
resultaatBellevuo Hospital Afay 
715 

baaia of e>a]aating Afoy 711 
In ulcerative colitis streptococcal 
July 972 

Increased concentrations carona 
mlde for July 1107 
Peptlo ulcer ontispasmodics in 
AfortA, 321 
diet in AforcA 321 
heroorrhnge In inas3l\*e Martha 
328 

relation to symptoms and to mdi 
cations for operation March, 
313-327 

symptoms raechanlsm of produc 
tioD AforcA 314 
syrndrome components of March 
317 

Irealmcnl planning March, 320 
^'ogDtomy for dmloal conference 
on March 301-312 
complications, March 307 
indicntions Aforc/t^ 301 
physiologic aspects, AfnrcA 301 
Perforation of gallbladder in acute 
cholecyslilis, Afareh 491 
of vwcQs, abdominal pain in 
Afareh 39-1 

PeriartenUs nodosa clJnicopathologlc 
conference Jam 161 
Pcncardltla prccordlal leads in Jan 
205 

PCTiphoral nerve injuries physiosl 
nicdlclne in A/ay 779 
polyncnropaihj nulriUonnl May 
727-733 

Peritoneal Ibioko in promoUon of 
eilrorcnal eicreUon July 989- 
1076 

iMlhod July lOU 
Peritoneum pIiyvioIoBy eipenmentol 
Btndies July 996 

Peritonitis •Ireplomycm in t/ay - 
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Pernicious anenua, desiccated stomach 
in, July, 1116 

etiology and therapy^ recent 
theories, July, 1131 
fohc acid in, July, 1125, 1133 
neurologic complications, 
July, 1134 

hver therapy, July, 1118 
reactions, July, ll21 
pathologic physiologj*, July, Ill3 
treatment, present-day concepts, 
July, 1113 

Phosphatase determiriations in carci- 
noma of prostate, Jah , 112 
Physical therapy in cerebral palsy. 
May. 791 

m hemiplegia, May, 786 
in multiple sclerosis, May, 753 
in neuromuscular affections. May, 
779-788 

in peripheral nerve injuries, Afay, 
779 

in pohomyehtiSi May, 764 
Pituitary disorder in adolescence, 
Jan , 140 

dwarfism) Jftn , 141, 154 
Pituitary-thyroid relationship, Jan , 
127 

Plague, stfeptomi'cin m, Julyt 1109 
Plasma buffetS) Jan , 264 
Pneumococcal memngitis, streptomy- 
cin in, A/aj , 822 

Pneumoencephalography, headache 
following. May, 564, 565 
Poliomyelitis, physical medicine in. 
May, 784 

Polyneuropathy) tilitritiOiial, May, 
727-733 

Portal cirrhosis See Cirrhosis, portal 
i’ostcholecyStectomy syndroiUo, 
March, 390 

Potassium iodide in asthma, J clh , 237, 
243 

PPD, July, 1095 

Pneumonia, air travel in, July, 1090 
Precordial leads in climcal electro- 
cardiography, Jan , 197-212 
Pregnancy, ectopic, rUplured, Coma 
in, 4/aj, 803 

Premarin m amenorrhea, Jan , 71 
in impaired fertility, Jan , 70 


Premarm in uterine hemorrha 
68 

Procame pCmcilbn G, July, ] 
Progeria, Jan , 157 
Progesterone metabolism m 
Jan , 5l 

Progestin, oral, iil UtCrmo hem’ 
Jan , 68 
Propylthiouracil m preoperatiC' 
aration in hyperthyroidisr- 
956 

Prostate glatid, caremOma, 
therapy, Jan , 111 
orchiectomy lO) resul 
117 

phosphatase determif 
Jan , 112 

diseaSeS, endocrine thcrajy 

111-121 I 

hypertrophy, estrogen € ' 

Jon, 119 

Protein estimation, total, o( 
fluid in neufosyphihs, M^ 
Pruritus, idiopathic, cmolioi' 
tors. May, 676 
Pseudohermaphrodism, Jan , 
Psoriasis, emotional factors, Af— 
Psychiatry, syunposium ori, Mj 
Psychogenic factors in derm?* 
disorders) Mayi 669-685 | 
headache. May, 567 t 
Psychoneurosis, S>mptoW fo? 

lb. May, 701 I 

PsiVhoses, aiT trahsportaiioif 
tieht with) July, 1092 
bolter doctor-family cooperP 
May, 631-6-iO 1 

electroshock therapy , oUu 
May, 533-595 f- 

in children. May, 664 f 

mamC-deprCSsiv C) A/ay, 6111 
Ps^choson3atlc dislurbnUccs t 
slrual irregularities, tr#^ < 
Jan , 71 

factors in irritable colon, 

401 

medicine, definition, Afay, ^ 
theory and practice in a 


r, 


hospital. May, 611-616! J’ 
Psychotherapy, approach to aJ, 


AJay, 696 





CTOTOLA’m'B I^'DEX 


1155 


hjtbollimipr. aortor-ptbenl rda 

tloiLSlllp ^fo^ 

hypoolk May 571-553 
in tlcoboltstn. Mar 692 
In tncely ftatei May 603 
Id bchiirfor disorder* in childmit 
May 665 

in inaiiJcxJepmsive ps^'cbosii, i^fay 
616 

cr«nla\jon ior gtwr^ pracliUoncr 
May 69^706 

eolpa^tirt ritcUoshnclc Ibcrap) 
and, Voy 5« 

lyjDptonj formaUcn, Mar 701 
Ptycli^io lymptom* masking onset of 
train laiT»or Ifqy, 755^-767 
Ptero)lf3nUmic aod. See FoJie aeid. 
ihhaljballtlilaztilc Se^ Saljaiholi 
dinr 

PnlmoTwry ariefy and ftorU, complete 
IrtitspwilHjn, July C90 
tteowK July, »j3-GTT 
tetralogy of Fallot, Jofy e»5 
W3, 

'^Jtbont venljicnlar aeptal defect 
tirt Witt patent {otaxarn ortte. 
Jaly 870 

^Vlonrphnirs dironic ttreptoroydn 
\n ^f^^v Ml 

PjWpWrbiUs, mptKirntivc acute 
March, 481 

RiOTOfoopfE fn Mxcuwma of thyroid 
Job' 962 


Roentgen depGation In nngirorm of 
fcalp Jaii^ 295 

djagnosja In diirerentiallon of atn- 
dominal pain March, 395 
of gallstones March, 489 
of tumors of lafE® Intestine 
itforeA 423-435 
of npall intestine, March, 436- 
442 

Rosacea, emotiooal factors May, 678 

Salictlates m ulcertti \‘0 colitis, 
atreptococcflj Jaly 971 
Salmonella infections, slriptomycin 
in itfoy 813 

Salpipgography in sterflity Jaru 45 
Scalp nngwonn of epidemic Jan, 
2S3-296 

topical applications Jaru, 294 
x>rai depilation in Jaiu 2^5 
Scbiiophrejiia Tlfoy 623-629 
better doctor family cooperation in 
3/fly 637 

in chQdren, 3foy 665 
shock therapy 3fay 628 
Scleroais, roulUple May 743-754 
Seborrhea emoVlonnl factors May 
677 

Semen examlnatJoD Jan 75 
methods of obtaining Ja/u 75 
Septal defects, atrial July 895-910 
Sqiticerpia atreptomycm in, Afoy 
823 


in Grave • disease Jan^ 3-17 
“ >in»tili)TOtJtMn Jalf 5j6 
fflsttiMlK «Ji» Juir 9j9 
'*««r>nrt)c Jalf 959 

infetnal? phy 
wfJoC Jaju.40 

'’"Pwlt,, ,r,cl, upp,r infreifo 

B 'P I"’™"", IMO 

iwirin, in tnnJViplnKl 
Uay 7 to 
tf<rv 730 

Jan 29^ 
’ixrttcdfovar.jj 

In. July V 


Scrum homologous, jaundice due to 
March 475 

jTTOteiiM in hepatic disease March 
455-468 

Shock iherop) m achlrophrenia May, 
628 

Signal symptom fn multiple sclertwis 
Afoy 745 

Smusiti*, headache in Afoy 567 
SkcleUil diseavjs, ahdomlniil pain in 
March 389 

, Skin diseases, psychogtmc factors in 
May 669-685 

neurotic cxconniions May, 673 
Sprrra counting tecUntc, Jatu, 
morphology of Jan 79 80 

moUhly of, estimatlog Jan,^ 
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Spinal drainage, headache following, 
May, 564 

fluid examination in neurosyphilis, 
May, 707-719 

Staphylococcal meningitis, strepto- 
mycin m, May, 822 
Statural disturbances in pediatric 
practice, Jan , 151-160 
Status asthmaticus, Jan , 238, 241 
Stenosis, pulmonary, July, 855-877 
Sterihty in female, Jan , 37-56 

methods of studymg, Jan , 44 
orgamc causes, Jan , 38 
treatment, Jan , 42 
in male, Jan , 73 
phy-siological basis, Jan , 97 
treatment, Jan , 85 
Stevens-Johnson syndrome, March, 
359 

Stimulation, simultaneous, advan- 
tages, in neurological examina- 
tion, May, 755-758 
Stokes-Adams syndrome, diagnosis, 
Moy, 802 

Stomach, desiccated, iri pernicious 
anemia, July, 1116 
diverticulum, March, 336 
diagnosis, March, 340 
malignant disease simulating, 
March, 336, 364 

symptoms and signs, March, 339 j 
treatment, March, 344 i 

lavage, m renal failure, July, 992 
malignant disease, simulating gas- 
tric diverticulum, March, 336 
ulcer, vmgotomy for, mdications, 
March, 304 

Stomatitis, allergic, March, 361 
common forms, diagnosis and treat- 
ment, March, 355-362 
due to bacterial infections, Marth, 
357 

to deficiency diseases, March, 
360 

to varus infection, March, 359 
herpetic, March, 359 
medicamentosa, March, 357 
mycotic, March, 360 
thermal, March, 356 
traumatic, March, 356 
Strawberry gallbladder, March, 494 


Streptococcal stomatitis, March, 357 
ulcerative cohtis, present-day ther- 
apy, July, 967-979 
Streptomycin, aerosol adnnmslrntion, 
July, 1079 

experiences with, May, 805-838 
in bronchiectasis, aerosol melliod, 
July, 1081 

in diarrhea and enteric infections. 
May, 805 

in Hemophilus influenzae menin- 
gitis, May, 818 
I m meningitis. May, 818 

in nontubcrculous pulmonary in- 
fection, May, 826 
in oslcomyehtis in infants, May, 
834 

in peritonitis, May, 835 
in plague, July, 1109 
in salmonella infections. May, 813 
in septicemia. May, 823 
in tracheobronchial tuberculosis, 
July, 1083 

in tuberculosis. May, 828 
in tularemia. May, 826 
in urinary infections. May, 831 
Stricture of bile ducts, benign, March, 
497 

Stuttering, nature of. May, 617-622 
Subarachnoid hemorrhage. May , 738, 
800 

headache due to. May, 565 
Subdural hematoma, May, 738, 799 
Succmylsulfathiazole Sec Suljasuxt- 
dine 

Suggestion, role, in hypnosis. May, 
573 

Sulfadiazine in brucellosis, penicillin 
with, July, 1108 

in ulcerative colitis, slreptococcol, 
July , 971 

Sulfasuxidme in indeterminate ulcer- 
ative colitis, March, 415 
Sulfalhalidine in ulcerative colitis, 
streptococcal, July, 971 
Sulfathiozole in ulcerative colitis, 
streptococcal, July, 971 
Sulfonamides, combinations, use of, 
Julv, 1107 

in indeterminate ulcerative cohtts, 
March, 415 
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Snl[od»old» u> 

ftffplococcat July 970 
SjBt*Uwrtomr lo MOgenild moga 
c(i)ai,JiiJv 9tl 

In liyp«1endmi, ptownl nlalut, 
Jon^ 187-196 

SjTOptora fonmlkm In j»}nhoMuro- 
UK May 701 

Sjuiroptn in congeniUl roegacoion 
Jabf 983 

SyphiUJofntrvouisjftteni, May 707- 
119 ^ . 

Syphaittc dnboris wxiuiw, 

5\i 

lUnnaUtls, Mar^ 359 
SypiBofJwbit, May 675 


TtiTfEiiATimiai, body basal In fono- 
ikmal otfnne Wwding Jaru 
60 

In iludy of iteriUty Jan. 61 
Tetlicolir biopsy Jew 81 98 
failure in adotescenca^ Jan 147 
priman J4An99 
*WM>d»TV Jon lOo 
T«s1i 4, upiratioa, to obtain ip«rm 
Jon. t7 

ctxWpCTded, Jon., 149 
Twtortanww in caremoma of breott 
JttT^ 18-36 

effect on cat»ccrous tissue 
Jon. 35 

on roelaslallc lesions, Jan> 


pbisWo^ctl action Jon. 24 
intflmaryliypoffoDQdisai, Jon 1 18 
Tetany parathyroid in adolescence 
Jon., 146 

T'-balifyof laUot, Jofv B5S-877 
Tfcwimw in nuuiuonal polyiieur 
opalby l/ov T3l 
TkV»rva July 9^ 

In preoperotivt prepamUon in by 
r^iniidMtn, Jttfy 9x> 
*^b/ryUrpen,s, fwrml dmlco- 
^ pa lbolopi conffretice Jon. 16*' 

cetebral, Ifoy 738 

•l^'^InilpftiolD Aforcli 


i\aa«»^ and i-eios. Hay 
'I'* V)\ ' 


Afoy, 

Tbiombo-ulcwili'™ 

day therapy Julyi 967-979 
Thrash March, 360 
Thyroid dlstorbwces ro adolescence 

Jon, Idd . 1 

gland carcinoma, radiolodlne m 

July 961 

dtsoases, treatraent, recent ad 
vances, July 945-965 
rtody Ot recent, advancoe July 
945-965 

hormone fetal retpilremenla, Jan. 

129 

therapy In cretinism Jan. 130 
Thyroid piUutary relationship Jon 
127 

Thyrotoiicosis radloiodine in Jan., 

S-17 July 956 

prcopcralivo preparation propyl 
thlouradl in, Jufy 956 
lUiouracil in» Jafy* 955 
Thyrouopio bormone Jefy 951 
Tracheobronchial tuberculosis alrep- 
tomycin la, Juiy, 1055 
Trance in hypnolk psycholberopy 
Afoy 572 

TVanafaslons, blood In massive gastro- 
intestinal bemorrhaigo, March 
330 

In ulcerative colitis, tlreplocoo- 
cel Jaly 97£ 

Transpoiialton of pallenU by air 
July 1081-1093 

Trflji<po«tlan of grenl vwseU of 
heart, July B90 

Tranma bchanor disorders follow 
Ing May 661 

TncholflIomama, May 673 
Tfknspid ntrcsla with rudimentary 
ngbl \cnlrirle patent foramen 
oN-alc and ventricular septal de 
fecL, July 886 

Tuberculm reactions de\elopmenl 
and NnriatJoDs July 1098 
po<itI\T criteria of Jufy 1097 
testing chanKing cnncepla July 
109^-1103 

clloTTil impltcatloiK July 1099 
methods July 1096 
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Tuberculin types, July, 1095 
Tuberculosis, pulmonary, air travel 
in, July, 1090 
streptom^Tin in. May, 828 
tracheobronchial, 8ti‘eptt)inycin ih, 
July, 1083 

Tularemia, streptomjciil in, Mdy, 826 
Tularemic memngism and serous 
meningitis. May, 769-778 
Tumors, intracrariial, headachfe due 
to. May, 563 

Tumor of brain, coma iii. May, 800 
psjchotic sjunplOms masking, 
May, 759-767 

of large mtesUne, x-ray diagftosis, 
Marchi 428-435 

of small intestine, x-ray diagnosis, 
March, 436-442 

Ulcerative cohtis See Coltlts, ulcer- 
ative. 

Underslaturo in children, Jan , 151 
Underwater exercises in heftiiplegia. 
May, 786 

m pohomyehlis, M(^’, 785 
Uremia, diagnosis. May, 802 
treatment, peritoneal Image in, 
July, 989-1076 

Urinarj tract disease, abdominal pain 
in, March, 390 

infections, streplomjcin in. May, 
831 

Uterine bleeding, irregularities of, and 
their treatment, Jan , 57-72 
Uterus, c>chcal Changes, Jan , 42 

Vaccines in ulcerative colitis, strep- 
tococcal, July, 970 
Vagina, absence of, Jan , 150 


Vagotomj for peptic ulcer, chmcal 
conference oni March, 301- 
312 

comphcatioflS, March, 307 
mdications, March, 304 
physiologic aspects, March, 301 
Vasodilators in multiple sclerosis, 
May, 753 

VentncUlih in pernicious ancuiia, 
July, 1117 

Ventriculography, air IfaVel after, 
July, 1092 

Vernlcae, emotional factors, May, COO 
Vesicles, recurrent, streptomjem in. 
May, 834 

Virus mfcctioti, stomatitis due to, 
March, 359 

Vitamiti Be, July, 1127 
Vitamm AT, July, 1127 
Vitamm therapy in nutritional poly- 
neutopUthy, May, 731 
in uJcCratlVe dOlilis, July, 969 
Voimtirig, cixlic, abdominal pain in, 
March, 392 

WARts, emotional factors. May , 680 
Washstand syndrome in multiple 
sclerosis, May, 744 
Weil’s disease, March, 476 

serum protein fractions in, March, 
459 

IWiooping cough, streplomjcin in, 
May, 834 

Wills factor, July, 1126 
X-RAi See Itoenlgcn 
YeLLou' fOret, Marth, 475 




